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® Method o, manufacturing non-sing,e crystal and non-single crystal semiconductor device. 

^ornror^lTorr^fa^™ -.«y lor use in a TPT. a 

method being consisting of steps of using a^l^o ZZnZTss^"^^^^^ '^TT 
frequency f (MHz) of a high frequency power source toTTTMH %^ 9^' "^^"9 the 

an electrode of a substrate if nTcessarv FuL^nr! ? , . °' ^P'y'"9 "^gative voltage to 

djcm) between electrodes 1 ^Senc^^^^^^ ^"^""'"^ 
me irequency^MHz) of the high frequency power source satisfies f/d < 30. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 



10 



relies to , „«hod 0, m.o.JL^J^^^^trJ^ ■ '^'^ 



Related Art 



35 
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snicort';r:sr;."rne^^^^^^^ 

'5 enabling a large area product to be reafeS 2 a o^^t T P^^icular. the viewpoint 

photosensitive drum for a copying maSJe a ftin Z ^ .^"''^ developments of a solar cell, the 
image sensing device (a photSTsort fo^^ ill J!; """"'"^ ^ "^"'^ ^^'^P'^V. a solid-state 

the weight of which is ^educJrh^Ler S^ToTZr^rrT"*^^ 
«uctor devices has been de^' b^an r^SL^vL"^^^ t 

0 Si^H, is used as a film fomiing gas or a reactVe soiSSnn ^Ih h k ^"^^ 

Plasma under the presence of hydr<ln oi or Sl^^H run ^ ^^^^'^ Ar 

method for fom,ing amorphous silicoTy eSS^IalXn ^JT^ °' ^ ^"""'^^^ ""^^ 
followed by W.E.Spear and others ^o ha^pl/S ^ ^"""'^ "-C Chittic and others 

to be pn-controlleS by usin^^mpSef Lne^t' 

s obtained as above mentioned Z^^s 10 """"^f^ ^"^^•""^ «"<=on 

widely used among various m?£s for dto^iZ 2' '""''"^ "^^"^ ''^ "'o^ 

t)ecause a film hav;,g relatively SSLiVcS^SL'^''S';'*^^"T ^^'-^^^ 
method comprising steps of u4a silane sTh oTS^ c o^ P'^'"^ ^VD method is a 

if necessary; generating P^rbytsino hS, fr^^^^^^ S.2H6; Performing dilution wth hydrogen (H3) gas 

• rage of 2.54 GHz; dec?mposTngl7m^Sn?o^^^ ITJ ^^f °' """^ °' ' ""'^^-ve 
reactivity; thus depositing on the subTate Z mfc^X^ ? ^ ^'^^ *° generate activator having 
doping gas made of. for example ph^^nl PH ^rS? ^"^"""^ mixing 

fom,ing the film, a micro-cry^aVs£r^ ^ii'al^^^ °' ^"^^ of 

be detemiined to be n-type oTt^oTtte h ^ ' "^^^ conductivity type can 

be formed. The films. p^n^Z^as Ce:^^' Ste^^a^ photoconductivity are confroS can 

and a block layer of the semiconductor dX^fS^;q^'a1^ra^^^^^^^ """""^ ^ ' '^"'''^ '^^^ 
cells, and photodiodes and so forth. toregoing films are used to manufacftjre pin-type solar 

con^ningt tdr^Tnlxh'L: aT^^^ °' ' ^'"^ and accordingly 

about 1(P cm-3 '^"^ '"^^ ^^9''"9 ^«"Sity. for example, having a spin density of 

hvdrS"^'a^rti,r^:rbr*^^^^^^^^^^ - '-P- the .u^ity of the 

substrate is made to be about 250 • C *e Sensl ir. J" temperature of the 
control by means of impurities Z^ ^^J^r^Tr^^'^^lTr'^l, 5'"" 

plasma CVD method contains hydrogen T^uno o/?^es^n„"'""""^. *^ ^y tiie RF 

the dangling bond to improve tt^e ^ZZ Tt^l fil h h h ^ !" *^ "^^^S^" *«""'"ates 

considered that supply of hydrc^en en^s L dJ 7" ^"^^ ^^egoing function, it could be 
the vacuum evapoTati'on m'SS o sp^tg m^^^^^^ 

containing hydrogen in the RF plasma CVD meS The fo^ , ' *^ '^^^ 9^ SiH. 



55 (1) Radical Generation Process 



na atoms, [here is a good possibility that the main precursors of the 
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film forming reaction are SiH2 and SiHs radicals. 
(2) Radical Transportation Process 



10 



due I to the surface of the sut>strate 

It can be estimated th^ SiH, r JZZ l-^i ^"f^ '^^^ "mainly with the SiH* molecules, 

rafio of the raS ir*e p^Lma^^ *elZ ""t"" "'^ "'^ °' 

the density of reached V^i^cS sucras tSe T^^^^ transportation process. However, increase of 

due to the difference in the form cSl"!! "o "Js.^^ ^^--^ 



(3) Surface Reaction Process 



50 



65 



the surlace ol the substrate enabiSra?r^f?f„ .'""^ ^ <» 

important that tl» surtiTof ftfZl,^^ L ^ ^ "? "^"l"" « ^"sldared 

mohlByc.thetadloT^^.tll'I^S'^^^r* I" to stance ^ 

manne, that the SiH, radicalHZlJ ta^^^Tf h '^<'" carried out in tl» following 

» b, rc: ri^rr 8*-::^ "^-^ - 

in»»oIl in onte,™ Vm!^»,rS!t? rttS^/^M"" ^l^* «»«"«> bo applied ha» bean 

0 quantity of tt<a Sim. Hiat Is Itieis la a «lm fn™i™ . ^ " """""^ detoriorates tbo 

mirtmum as shown ft. Iig 1 « "hicH ".e spin density bocoo»s 

wblct 'S^l^rt'rStid^^';::'^ «» -»". « m tb, dangim, bond density, 

»» rpt^rt r -X - -a*.^ ^as, .no p-ossure and 

ab^ and ^ cond,«»,s -iC^Xtp:it2^"Sfto'^^'?LTr;f": 

formed has a spin density of about 10'^ tn m^7 =.nH * * * u ^ 2A/sec. The a-Si film thus 

Physical p^petL aro Z ItSei'to 1 1 oXZ^LS .tri^ ^ 

-rs^it^w^^z^rs^rc^t^^j^diTr''^"— 

caus^'otTSTdSeSr "dT'dC^:!':?'!' 'd '° ™ ^ 

acoofdingly. tbe densS, of M,JTL^^ f^L ° '°™ *' ^ <»i«cal and, 

attempt Si be«, Sto p^tbe Z dln^tvtT" "T. " 

method has been suggested in «*k* a ' *" example, a 

bydmgen contain«,T^ fitalS^ I^TTJ^r ""^"^ " 

Soden,,. Ho.««,, the forgoing me^od^"^"', ^^TT^'^TZL'^'^ ^rtT 
apparatus cannot easily Ije constituted r*«!i.itinn ■„ = ah- practcal point that the 

band, an attempt has Ln S^lTJ^l^Z^ "^r^ °" <*" 

substrate at 350-C followed by ralslno *. Z.^!!^?^ f- " maintain tbe temperature of the 

in the density o, defectsT*,^ iTi^.^ 4 S^,^i:^,^.T' 

tomiing p^. ■^dnc'^t^eXrr3o::-ii~L'^ ^ 
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55 



network structure of Si and thprpfrir*. tho i. J. *® non-uniformity of the 

10 structure. The for^oinj ^^ct fs t L!^' bv tlTn"T °' ^' " '"^'^ ^ 

elimination of hydrmen VSc™^J^t?h. c P^<^s of fom»ing the stmcture in which 

form of atoms iT^^^Z^^^^l^T:" ? ^"^^'^'"9 "V'^^'^^" 

generated by a large q'^b? Irlte pSmallrJJ k *^ °' ^« 

usual RF grow discharge decomo^ S r^.I^n h ^ "'"^^^^"^ *e deposition portion. A 
- «me (t, sLnd, in wL S?KuTS ppSj TiL^^Trd^ 

second) with hydrogen in the fom, of ai on L surfa^^fTe 1 J«^L r!^ " "'"^^ 
*e foregoing deposition surface treatment, the Ite^XX^en 1^^^^^^ ^L"'^"^ 

- - - - ca:^.erdrp:^rnrth':.r^^^^ 

^ whicJ^rCer^r^^^ - discosed in 

MeeSrorCo^rrrr^^^^^^^^ -od in Lecture 

. :rt^^ircLr^^^^^^^^ 

However, a simple examination is made at freauencies of i^ mh^ o«h •^l. 

about Ite urtform tim tomino and n„ .w^^T^' ? ^^"^ ^"V" discussad 

e«a«.,^«,.^„^ -^^^ and *a .e^n.^ 

? Although a variety of disclosures have been made ahnnt vhf io.^^ 

carried out simply by raising the frequency to *e VH^b^ ' """""^ ''^^ 
Then, the problems will be described more specifically 

ansolv^ problems In .iowpoin. ol an applica.^ to an a-^^„Xli^ """^ 
0) Problems in a viewpoint ol the basic characteristics of ttie thin film: 

•^^^^ZJI^'^^T^^} ^ •» "-^ <""-^- T» S*, ratio 

P^olosen^. A SCSiraTo^n ? ^ adapted to the 

W due ,0 i^adiation J?ght~,; ^"dta ^^J^^ '*°'<-"*««"% 

(2) Problem in a viewpoint of the manufacturing yield 
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(3) Problem in a viewpoint of the cost 
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10 electric power to be applied. However' Z nZ ^f^Tn T, '^'^ 9""' *^ 

which is assumed to ^teriorTf^ci^^^Z^^^ ^ .T^!^ rf^ '""^"^ ''y**^^" 
(polysilar,e). which deteriorate L yie^ S^^f^^,^^ Z '"^"^^^ 
the photocor,duc«v«y „p (S/cm) ^hich is o^ :rre'S. c^ ^^S^^^^^^ at 
a film capable of improving the characteristics of a t^film ? 1 '^^"''"'^ 

« device has not been manirfacturedTS /Ja res!! thL f Photosensor to be formed into a 

film allows a film fom,ing s^ of a^D^t^P TpA; T'"^ """^"^ °' manufacturing the a-Si thin 
Characteristics of the deJfce ^ '^^^ *^ maintaining the 

areaT:ntuntrs"a%re;';^ ^e-r^^^ « «lm can be formed over a v.de 

. cn«ca.ly damaged by^ons-C^mtc^r^^^^ 

capable of protecting the substrate from damanp Hnft. ^'^^"^ ^''^'^'^^ « ^"9^ film forming speed and 
area film cannot eas'ily be fo^S ZTZm S^,'ZJ^^"'^ ' T^""*"' ' '"^"^ ^ '^^^ 
the fomied a-Si thin L and a problem of nVnJ??L ?^ ^""^ ^ P''°'>'®'" ^"ality of 

be sa,d that the light meZtarlS iVo T'"^ l""" ' '^^^ " ^^-^ 

s con.oi freely the ^ of t:ei;;:iroim*p:rrs oXT^^i^::^^^^ " ^'^ *° 

problem that the film cannot be fomied over a large area ' ^"^ encountering a 

micrZ^rc^Sg i:p~r v^hen 
efficiency of utilizing the Z Z Z^ J^ """^^ fr""* unsatisfactory 

> With hydrogen gas ^s^rfo^^led f:::!^^^^^ ^ 

RF band range to decompose the film form ng'^t^^ me gerSatd pSmranT °' '' '' ""^ 
deposited on the substrate Therefore a nrohi^m 7, f"^^ P'^sma. and microcrystal silicon is 
microcrystal silicon contailg i^^s is «a^rSt^^^ ^'''"'^ 
detrimental, the conventional ml nrZ^ftf by introducng the impurity gas. Even more 

occur in the film, and a dtrmicX^S: ^ZorrelZtnTiS^^^^^^^ *° 
improve the doping efficiency Then a Lp »ZroTf ^ ^e^^*"^®. it is difficult to 

considered.«wasfLedunde';^d^:cSSfior:,r^s:^^^ ^« 
seen) diluted by hydroaen aas tn inn nnm «,^o ^ 1 ^ ^ ^^"^^ P^osphine gas of 150 

not serve as the dopant oe saia that 90 /» of phosphorus in the film does 

translror™^ S:a^r fi'^ o^^^e f^t *° " ^ '"^"'^""^ « '^'^ 

film for use in the forgdng ^r^r^nTulT dlc^ J^^^^^^ device. Hitherto, the amorphous silicon nitride 
which a gas formed by JxilT^^T^^l T ^" .JP^^^^'' ^y the RF plasma CVD method in 
as the film forming gi /Zug^Te si^n n^^^ ^"^^ ^""^"'^ "^"^ "'^^S^" is used 

CVD method, the hLt cZ Sm^ ^^sT^^ be manufactured by another method, that is. heat 

allowed to grow, to a high Te^™ ttoT T^elT^^^^^ """^ 
employed when the aforesaid device is manufacturlbv uSnn *^^ T ''^ 
a low heat resistance of about 400 -C How^^T^ f ^ *e amorphous silicon semiconductor having 

temperature to about SciT^King in If ^^^^^ T T"^ " ^° growth' 

take Place easier when ammonia T'ul m^Tc^'i'^^^^^^^^ T '^TT"*"" 

usually employed. The plasma CVD method is T^e^ iT^^ ' 

ammonia NH3 is used, dilution with hydrie^is ^1^!^. ' ^ """^'^ °* ^"^^ 

frequency of 13.56 MHz and the film fZln n^ T necessary, and plasma is generated at a high 

having reactivity so asto^n^t^r^l^H^ ^ , '^^"'^^^ P'^^a to generate an activator 

gas is a corroL gS. lurrin : « "n hlT °" "'^ - 

the manufacturino ^oo^.. : n„ Z ^r"'' " 1^^^^ sometimes occur a problem for 

.n a.:.o„. ^^^^ - r 
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0. . jane ,1* ^ SZ^^ ^^^^IC t "J^:' ^""^ »^ a 

utilized, has been most widelv emoLp?^^ «^ *® S'U-NHa mixture gas is 

lability ;:an be SIT ' ' "^"'^ satisfactory control- 

encounters changes in the ohotoelectrir rnrr*.nt =.nH w,^^ ^ photosensor 
thereof due to L chZe Vn ttfe^res^niH . ™* ''^''^ ^ '^'^ characteristics 

5 characteristcare usuaJirc^^^^^^^^ ^^^^ «^cumng in the device 

interface between the gL insS^ 1 an7thTaSr«lm' o,^sctens,cs of gate insulating film or from the 

e JoTor^'itole^^L^^^^^^ fr- iniection of 

. r.n:^rz;r3«S~— ^^^^^^^ 
' o,^«=^sSr:.rirs:r°'""^'-'«-™- »--- 
frequency electric^power mS^S s^pS ti^^^^e ^.'^.^l^ " ^ '"^^ 
the quantity of gas removed from Se wairr^e ThaTb ' ■'^^ 

introduced into the film. Furthem,ore da^'L du^to 1^^^^ ^ «"'^9ement of impurities 

Characteristics of the film F7rS,rS^corfLorldP I ^ T""-^ '^"'^^ deteriorating the 

decomposifion efficiencj" in Je pS^^a Sli Tt"""'"' « 
unsa^actorily deteriorate J::irr.:.r^^ - Oas is 

.equZ'o^j^rr^f^'rrpr^^^^^^^ 

film, the following problems occur ^ P^'^""^' P^'^'^^^ ^^"'"^^ *e thin 

ture?::^.^^:: TZs:^^:: Lttr^^ "'^^^^^ ^^'^"^^"'^^ -^^^^^ tempera. 

As ca; be undeSXom fTs the den L^^^^^ """"^ ^ ^ ^'^^ - -^-J^- 3- 
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400 in terms of use of a large-size glass, the structure and the manufacturing facility. Furthermore, there 
is a lower limit of about 250 • C in tenms of the device characteristics. The reason for this is that the thin film 
has a high spin density if the temperature is low level, thus deteriorating the reliability of the device 
characteristics. That is, the range designated with black dots is considered to be the range with which the 

5 device characteristics and the manufacturing facility can be maintained at the satisfactory level. 

The relationship between stress (dyn/cm^) and the hydrogen content Ch (%) is shown in Rg. 4. In 
proportion to reduction in the content of hydrogen, the stress is shifted from tensile stress to compression 
stress. However, the stress of a high quality SiNx film obtainable from the foregoing temperature range from 
250 • C to 400 • C or lower and using the NH3 is mainly tensile stress. If N2 is used, a large compression 

10 stress is attained. The black dots in Rg. 4 are points at which the high quality SiNx thin film can be 
realized, while the diagonal-line regions designate controllable hydrogen contents and stress. That is, it can 
be understood that the SiNx thin film having the somewhat compression stress, that is, a compression 
stress of 5 X 10^ dyn/cm^. at which satisfactory device quality can be attained, cannot be manufactured. 
If NH3 is used, the content of hydrogen in the film can be controlled by changing the ratio of NH3 and 

75 SiHi. as shown in Rg. 5. As can be understood from Rg, 5, lowering of the content of hydrogen lowers the 
ratio N/Si, resulting in that the optical band gap is narrowed and the quality of the film deteriorates. 
Therefore, the ratio of NH3 and Sim cannot be lowered. Similarly, the control of the stress by enlarging the 
content of hydrogen deteriorates the quality of the film such as the ratio N/Si in the case where N2 is used. 
That is, there is a problem in that the film fonnning conditions cannot be obtained, with which the stress 

20 can be somewhat shifted to the compression side, the ratio N/Si at this time can be made to be in the 
neighborhood of the stoichiometric ratio, the optical band gap can be enlarged, and the spin density can be 
lowered. 

SUMMARY OF THE INVENTION 

25 

An object of the present invention is to provide a method of manufacturing a non-single-crystal thin film 
capable of overcoming the foregoing problems, improving the basic characteristics of a non-single-crystal 
thin film such as an amorphous silicon (a-Si) thin film, a microcrystal silicon (uc-Si) thin film, and an 
amorphous silicon nitride (a-SiNx) thin film at a low cost, and capable of forming the film at high speed, and 
30 to provide a non-single-crystal semiconductor apparatus. 

Another object of the present invention is to provide a method of manufacturing a non-single-crystal thin 
film capable of manufacturing a high quality film using no complicated structure apparatus and no 
complicated film forming conditions and to provide a non-single-crystal semiconductor apparatus. 

Another object of the present invention is to provide a method of manufacturing a non-single-crystal thin 
35 film whereby the density of dangling bonds in an a-Si film can be lowered, and weak bonds generated due 
to a fact that hydrogen bonds to silicon are decreased by reducing the content of hydrogen to improve 
photoconductivity, prevent light deterioration of the photoconductivity, and improve carrier mobility so that 
the non-single-crystal thin film has stable characteristics for a long time and the same can be formed at 
high speed. 

40 Another object of the present invention is to provide a manufacturing method whereby the efficiency of 
using a film forming gas can be improved, the manufacturing cost can be reduced, a further improved 
microcrystal silicon film can easily be manufactured to obtain an excellent semiconductor device. 

Another object of the present invention is to provide a manufacturing method whereby the decomposi- 
tion efficiency of nitrogen gas or silicon fluoride gas can be improved, the efficiency of using a film forming 

45 gas can be improved, gas removal from the chamber due to the effect of ions in the plasma can be 
prevented, plasma damage can be prevented, the manufacturing cost can be reduced, a furtiier excellent 
amorphous silicon nitride film can easily be manufactured and an excellent semiconductor device can be 
obtained. 

Another object of the present invention is to provide a manufacturing method where frequency 13.56 
50 MHz for use in the conventional RF plasma CVD method is replaced by a higher frequency discharge 
whereby the efficiency of decomposing the raw material gas can be improved so that the hydrogen content 
in a convention SiNx thin film using NH3 is reduced, and the stress is controlled so tiiat a SiNx thin film 
adaptable to a large-area device and having further improved quality can be obtained at low cost. 

Another object of the present invention is to improve the conventional VHF film forming method and to 
55 provide optimum conditions for the issue for the inventor of the present invention to solve. 

Another object of tiie present invention is to provide a method of manufacturing a non-single-crystal film 
by a plasma CVD method that utilizes a high frequency discharge, the method comprising the steps of: 
using at least silicon gas as a raw material gas; setting film forming pressure P (Von) to a level from 0.25 
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Torr to 2.5 Torr; setting frequency f (MHz) of the high frequency power source to a value from 30 MHz to 
120 MHz; making supplied electric power Pw (W/cm^) to be smaller than a value defined by 10/f (MHz); and 
making distance d (cm) between electrodes to be larger than a value defined by f/30. 

Another object of the present invention is to provide a method of manufacturing a non-single-crystal film 

5 by a plasma CVD method that utilizes a high frequency discharge, the method comprising the steps of: 
using at least silicon gas as a raw material gas; setting film forming pressure P (Torr) to a level from 0.25 
Ton- to 2.5 Tonr; setting frequency f (MHz) of the high frequency power source to a value from 30 MHz to 
120 MHz; making supplied electric power Pw (W/cm^ to be smaller than a value defined by 10/f (MHz); 
making distance d (cm) between electrodes to be larger than a value defined by f/30; and making residence 

10 time T (sec) to be from 0.05 sec to 2.5 sec assuming that the residence time r for which raw material gas Q 
(seem) is retained in discharge space V (cm^) is defined as t = 78.947 x 10"^ x V x P/Q. 

Another object of the present invention is to provide a method of manufacturing a non-single-crystal film 
by depositing the non-single crystal film by using gas containing Si by a plasma CVD method, the method 
comprising the step of: applying VHF waves having frequency f higher than 30 MHz by electric power of 1/f 

75 (W/cm^) (f: MHz) or more to meet f/d < 30 assuming that the distance between electrodes is d (cm) to 
generate plasma. 

Another object of the present invention is to provide a method of manufacturing a non-single-crystal film 
by depositing the non-single crystal film by using gas containing Si by a plasma chemical vapor phase 
method, the method comprising the steps of: maintaining substrate temperature Ts at a level from 300 • C to 
20 600 -C; and supplying VHF waves having frequency f of 30 MHz or higher to generate plasma. 

Another object of the present invention is to provide a method of manufacturing a non-single-crystal film 
by a plasma CVD method utilizing high frequency discharge, the method comprising the steps of: providing 
silicon compound gas as raw material gas; making frequency f (MHz) of a high frequency power source to 
be 30 MHz or higher; and applying voltage to an electrode of a substrate in such a manner that the surface 
25 of the substrate is made to be a negative potential. 

Another object of the present invention is to provide a method of manufacturing a non-single-crystal film 
for depositing an amorphous silicon nitride film by a plasma CVD method by using mixture gas of at least 
gas containing Si and nitrogen gas, the method comprising the step of: applying VHF waves having 
frequency f higher than 30 MHz to meet f/d < 30 assuming that the distance between electrodes is d (cm) 
30 to generate plasma. 

Another object of the present invention is to provide a method of manufacturing a non-single-crystal film 
for depositing amorphous silicon nitride film by a plasma CVD method by using mixture gas containing at 
least a silicon compound and ammonia as raw material gas. the method comprising the step of: applying 
VHF waves having frequency f higher than 30 MHz and lower than 120 MHz to meet f/d < 30 assuming that 
35 the distance tietween electrodes is d (cm) to generate plasma. 

Another object of the present invention is to provide a non-single-crystal semiconductor apparatus 
comprising a non-single-crystal semiconductor layer manufactured by a plasma CVD method utilizing high 
frequency discharge using frequency ranged from 30 MHz to 120 MHz. 

Other and further objects, features and advantages of the invention will be appear more fully from the 
40 following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 illustrates the relationships among the film forming temperature, the hydrogen content and the spin 
45 density; 

Rg. 2 illustrates an example of the relationship tjetween the film forming speed and the photoconductiv- 
ity; 

Fig. 3 illustrates an example of the relationship between the temperature of a substrate and the hydrogen 
content; 

50 Fig. 4 illustrates an example of the relationship between the substrate temperature and stress; 

Fig. 5 illustrates an example of the relationship among the gas ratio, composition ratio and the hydrogen 
content; 

Rg. 6 illustrates an example of the relationship between the light intensity ratio and a state where 
hydrogen is bonded; 

55 Rg. 7 illustrates an example of the relationship between applied frequency f and the film thickness 
distribution; 

Rg. 8 illustrates an example of the relationship between the distance between electrodes and the density 
of defective level in the film; 
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Rg. 9 illustrates an example of the relationship between the pressure and the light intensity; 
Rg. 10 illustrates an example of the relationship between power and the light intensity; 
Rg. 11 illustrates an example of the relationship between the power and the light intensity; 
Rg. 12 illustrates an example of the relationship between the frequency and the power; 
5 Rg. 13 Illustrates an example of the relationship between the frequency and the state where hydrogen is 
bonded; 

Rg. 14 illustrates an example of the relationship between the frequency and the spin density; 
Rg. 15 illustrates an example of the relationship t)etween the frequency and the film forming speed; 
Rg. 16 illustrates an example of the relationship t)etween the frequency and the photoelectric char- 
70 acteristics; 

Rg. 17 illustrates an example of the relationship between the film forming speed and the photoelectric 
characteristics; 

Rg. 18 illustrates an example of the relationship between the residence time and the light intensity; Rg. 
19 illustrates an example of the relationship between the residence time and the state where hydrogen is 
75 bonded; 

Rg. 20 illustrates an example of the relationship between the residence time and the photoelectric 
characteristics; 

Rg. 21 illustrates an example of the relationship between the residence time and the film forming speed; 
Rg. 22 illustrates an example of the relationship between the residence time and the film thickness 
20 distribution; 

Rg. 23 illustrates an example of dependency of the light intensity [SihT] of SiH* radicals and the light 
intensity [HT] of hydrogen radicals upon applied frequency f; 
Rg. 24 illustrates dependency of film forming speed R upon the applied frequency f; 
Rg. 25 illustrates an example of dependency of the light intensity [SiH*] of SiH* radicals and the light 
25 intensity [HT of hydrogen radicals upon applied high frequency electric power Pw; 

Rg. 26 illustrates an example of the relationship between the applied high frequency electric power Pw 
and the applied frequency f; 

Rg. 27 illustrates an example of dependency of the film forming speed and the applied high frequency 
electric power Pw; 

30 Rg. 28 illustrates an example of dependency of the film forming speed upon pressure Pr; 

Rg. 29 illustrates an example of the incidental energy and the distribution of ions made incident on the 
substrate; 

Rg. 30 illustrates an example of dependency of the density of defects in the film upon the temperature 
of the substrate; 

35 Rg. 31 illustrates an example of dependency of the lowest density of defects upon the temperature of 
the substrate; 

Rg. 32 illustrates an example of dependency of the surface diffusion coefficient upon the temperature of 
the substrate; 

Rg. 33 illustrates an example of the relationship between the temperature of the substrate and the 
40 applied frequency; 

Rg. 34 illustrates an example of dependency of the hydrogen density in the film upon the temperature of 
the substrate; 

Rg. 35 is a schematic cross sectional view which illustrates a thin film transistor; 

Rgs. 36A to 36D are schematic views which illustrate the process of an example of method of 
45 manufacturing the thin film transistor; 

Rg. 37 is a structural view which illustrates a plasma CVD apparatus; 

Rg. 38 illustrates an example of the initial characteristics of a TFT using an amorphous silicon thin film 
according to the present invention; 

Rg. 39 is a schematic structural view which illustrates a film forming apparatus; 
50 Rg. 40 illustrates an example of the relationship t)etween the light intensity and the film forming speed; 
Rg. 41 illustrates an example of the relationship between the frequency and the state where hydrogen is 
bonded; 

Rg. 42 illustrates an example of the relationship between the frequency and the spin density; 
Rg. 43 illustrates an example of the relationship between the substrate bias and the state where 
55 hydrogen is bonded; 

Rg. 44 illustrates an example of the relationship between the substrate bias and the spin density; 

Rg. 45 illustrates an example of the relationship between the frequency and the spin density; 

Rg. 46 illustrates an example of the relationship between the frequency and the optimum substrate bias; 
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Rg. 47 illustrates an example of the relationship between the substrate temperature and the hydrogen 
density according to the present invention; 

Rg. 48 illustrates an example of the relationship between the substrate temperature and the spin density 

according to the present invention; 
5 Rg. 49 illustrates an example of light deterioration according to the present invention; 

Rg. 50 schematically illustrates the structure of a continuous film forming apparatus; 

Rg. 51 illustrates an example of light deterioration according to the present invention; 

Rg. 52 is a schematic structural view which illustrates an apparatus to which the manufacturing method 

according to the present invention is adapted; 
10 Rg. 53A is a schematic structural view which illustrates a coprana-type sensor; 

Rg. 53B is a schematic view which illustrates the structure of a thin film transistor; 

Rg. 54 illustrates an example of dependency of the photoconductivity upon the applied high frequency f; 

Rg. 55 illustrates an example of the time change of the photoconductivity; 

Rg. 56 illustrates an example of the characteristics of the thin film transistor according to this example; 
75 Rg. 57 illustrates an example of dependency of Vth shift when the operation is t>eing performed upon 
Vg; 

Rg. 58 illustrates an example of dependency of Vth shift upon the applied high frequency F; 
Rg. 59 is a schematic structural view which illustrates an apparatus to which the manufacturing method 
according to the present invention is adapted; 
20 Rg. 60 illustrates an example of dependency of the light intensity [SiHT of SiH* radicals and the light 
intensity [NT of nitrogen radicals upon applied high frequency f; 

Rg. 61 illustrates an example of dependency of the film forming speed R upon the applied high 
frequency f; 

Rg. 62 illustrates an example of dependency of the light intensity [SihT] of SiH* radicals and the light 
25 intensity [NT of nitrogen radicals upon applied high frequency electric power Pw; 
Rg. 63 is a schematic cross sectional view which illustrates a thin film transistor; 

Rg. 64 illustrates an example of the characteristics of the thin film transistor according to the present 
invention; 

Rg. 65 illustrates an example of the Vth shift when the operation is being performed; 
30 Rg. 66 illustrates dependency of the Vth shift upon the frequency; 

Rg. 67 is a schematic cross sectional view which illustrates a thin film transistor provided with a 
passivation film; 

Rg. 68 illustrates an example of the effect of the passivation film according to the present invention 
provided for the thin film transistor; 
35 Rg. 69 illustrates an example of dependency of the light intensity [SiP] of SiP radicals and the light 
intensity [NT of nitrogen radicals upon applied high frequency f; 

Rg. 70 illustrates an example of dependency of the light intensity [SiP] of SiP radicals and the light 

intensity [NT of nitrogen radicals upon applied high frequency electric power Pw; 

Rg. 71 illustrates an example of the Vth shift due to heat treatment; 
40 Rg. 72 is a schematic structural view which illustrates an example of a plasma CVD apparatus; 

Rg. 73 illustrates an example of the relationship between the frequency and the film forming speed; 

Rg. 74 illustrates an example of the relationship t)etween the frequency and the hydrogen quantity; 

Rg. 75 illustrates an example of the relationship between the hydrogen quantity and the stress; 

Rg. 76 illustrates an example of the relationship between the hydrogen quantity and the stress; 
45 Rg. 77 illustrates an example of the relationship between the hydrogen quantity and the stress; 

Rg. 78 illustrates an example of the relationship between the frequency and the spin density; 

Rg. 79 is a schematic cross sectional view which illustrates the thin film transistor; 

Rg. 80 is a schematic view which illustrates the process of an example of the method of manufacturing 

the thin film transistor; 

50 Rg. 81 is a schematic cross sectional view which illustrates the plasma CVD apparatus; 

Rg. 82 illustrates an example of dependency of the electric field mobility of the TFT having the SiNx thin 
film according to the present invention upon the stress; 

Rg. 83 illustrates an example of the change of the threshold voltage according to an example of the 
present invention; 

55 Rg. 84 is a schematic structural view which illustrates an apparatus to which the manufacturing method 
according to the present invention is adapted; 

Rg. 85 illustrates an example of dependency of the light intensity [SiHT of SiH* radicals and the light 
intensity [HT of hydrogen radicals upon applied high frequency f; 
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Fig. 86 illustrates an example of dependency of the film forming speed R upon the applied high 
frequency f; 

Rg. 87 illustrates an example of dependency of dependency of the light intensity [SiHT of SilT radicals 
and the light intensity [hT] of hydr(9gen radicals upon applied high frequency electric power Pw; 
5 Fig. 88 illustrates an example of dependency of dependency of the light intensity [SiFT] of SiH* radicals 
and the light Intensity [HT of hydrogen radicals upon applied high frequency electric power Pw; 
Rg. 89 illustrates an example of the relationship between the applied high frequency electric power Pw 
and the applied high frequency f; 

Rg. 90 illustrates an example of dependency of the dark conductivity upon the applied high frequency f; 
10 Rg. 91 illustrates an example of dependency of the activating energy upon the applied high frequency f; 
Rg. 92 illustrates an example of dependency of the doping gas radicals upon the applied high frequency 
f; 

Rg. 93 illustrates an example of dependency of the doping gas radicals upon the applied high frequency 
electric power Pw; 

75 Rg. 94 illustrates an example of dependency of the doping level upon the applied high frequency f; 

Rg. 95 is a schematic structural view which illustrates the structure of a photoconducbve-type sensor 
according to the present invention; 

Rg. 96 illustrates an example of dependency of the dark cunrent of the photoconductive-type sensor 
upon the bias; 

20 Rg. 97 illustrates an example of dependency of the photoelectric current of the photoconductive-type 
sensor upon the bias; 

Rg. 98 is a schematic structural view which illustrates the structure of a PIN-type photodiode; 
Rg. 99 illustrates an example of the diode characteristics of the PIN-type photodiode; and 
Rg. 100 illustrates an example of the electric field mobility of the TFT provided with the amorphous 
25 silicon thin film according to the present invention. 

DETAILED DESCRIPTIONS OF PREFERRED EMBODIMENTS 

Preferred emtx>diments of the present invention will now be described with reference to the drawings. 
30 The structure of a non-single-crystal semiconductor device according to the present invention will be 
made during the description about a method of manufacturing an amorphous silicon film. 

Rrst. the process of growth of a film by a plasma CVD method will be schematically described, and 
then the present invention will be described. 

In general, the process of the growth of an a-Si thin film can be categorized as follows: The description 
35 will be made about a case where SiH4 is used as the raw material gas. 

(1) Radical Generation Process in Grow Discharge of SiH* 

In this process, the energy distribution of electrons in the plasma is formed into a shape approximating 
40 a Maxwell-Boltzmann distribution having the peaks at several eV. The electrons as descrit^ed at>ove and 
SiKU molecules repeat inelastic collisions, resulting in generations of various radicals, ions and atoms. There 
is a good possibility that the main precursors of the film forming growtii are SiKb and SiHa radicals. 

(2) Process for Transporting Generated Radicals to Substrate 

45 

In this process, neutral radicals generated in the plasma are transported to the surface of the substrate 
due to diffusion while perfonming a variety of secondary chemical reactions mainly with the SiH4 molecules. 
It can be estimated from the generation ratio of the radicals in the plasma and the reaction life in the 
transportation process that SiHa radicals mainly reach the surface of the substrate. However, increase of the 
50 density of reached radicals such as tiie Si, SiH and SiH2 will deteriorate tiie quality of the formed film due 
to the difference in the form of the reaction on the surface. 

(3) Process of Growth of Rim on Surface of Substrate 

55 In this process, the radicals, which have reached the surface of the grown film, are adsorbed by the 
surface, followed by diffusion of the surface to form chemical bonds with stable sites, resulting in 
amorphous network to be formed. If the surface is covered with hydrogen, the SiHa radicals are sufficientiy 
diffused in the surface. As a result, the SiHa radicals are chemically bonded with stable sites, resulting in a 
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film exhibiting high quality to be obtained. 

The foregoing process is performed by controlling the external parameter of the plasma to cause mainly 
the SiHa radicals to reach the film growing surface, if the surface of the substrate is so covered with 
hydrogen that the radicals are diffused, a high quality a-Si thin film can be formed. 

5 The inventors of the present invention have paid attention to the frequency of the power source in the 
plasma CVD as means for efficiently increasing the SiHa radicals. As an actual monitoring means, the 
quantity of the SiH3 radical was indirectly judged from the film forming speed and the quantity of light 
emitted by a plasma light emission analysis. That is. the intensity of light of Si* and SiH* (hereinafter 
respectively called [Si*] and [SiH*]) among the light emission lines Si*. SiH*, H2* and H* and the film fonming 

10 speed (DR) have a conrelative relationship. The main radicals contributing to the film forming are SiHa. 
Therefore, the quantity of the SiHa radicals was indirectly confirmed. Since only the' SiHa radicals must be 
increased, an assumption is made that the quality of the Si film does not extremely deteriorate as compared 
with the conventional technology. The reason for this is that the deterioration in the quantity of the film is 
estimated to be due to the generations of the Si radicals and SiHa radicals as described above. 

75 The inventors of the present invention have investigated the film forming process by using a plasma 
light analysis as means for monitoring the process on the basis of a recognition that it is important for 
forming a high quality a-Si thin film to control the radicals. As a result of this analysis, it was found that the 
light emission lines Si*, SiH*, H2* and H* in a silicon compound plasma. Furthermore, the relationship in the 
intensity of light between SiH* (414 nm) and H* (656 nm) among the foregoing light emission lines, that is, 

20 the intensity considerably relates to the quality of the a-Si thin film, in particular, it is preferable to employ 
film forming conditions with which the ratio of the light intensities [H*]/[SiH*](the light intensities of the SiH* 
and H* radicals are respectively called [SiH*] and [H*]) is minimized. If the relationship in the light intensities 
holds [SiH*] k [H*], a satisfactory a-Si thin film can be obtained. 

Rg. 6 illustrates the relationship l:>etween the intensity of light [H*]/[SiH*] and the form of the bonding of 

25 hydrogen in the thin film, that is, the relationship with the quality of the film. 

In general, the absorption peak appearing at 2000 cm~^ to 2100 cm~^ in the infrared ray absorption 
analysis of the a-Si thin film can be considered to be caused from the stretching vibrations (2000 cm~^) and 
the stretching vibrations (2100 cm""^) of the Si-H2 bond, while the central value Rm (cm~^) appearing at 
2000"^ cm to 2100"^ cm can be considered to show the ratio of the SiH bond and the SiHa bond contained 

30 in the thin film. If the central value Rm has been shifted from 2000 cm~^ to 2100 cm~^ tiie SiHa bonds are 
increased, and the a defect of a type, in which the chain bonds or circular bonds of Si are contained in the 
film, arises, resulting in the deterioration in the quality of the film. 

That is, the shift of tiie central value Rm toward 2100"^ with the increase in the light intensity ratio [H*]/- 
[SiH*] means that the quality of the a-Si film deteriorates with the increase in the light intensity ratio [H*]/- 

35 [SiH*]. On the view point of the inventor of the present invention, a substantially satisfactory a-Si thin film 
can be obtained if [SiH*] ^ [H*]. 

Then, the distance between the electrodes which is the premise of the present invention will now be 
described. 

If the frequency f is high with respect to a certain distance d between electrodes, the film thickness 

40 distribution T in the substrate becomes large as shown in Rg. 7. resulting in a problem to arise when a 
large area film is formed. Accordingly, the inventor of the present invention has modified a variety of film 
forming parameters, resulting in a fact to be found that the distance between the electrcKJes affects the film 
thickness distribution. Furthermore, a fact was found that lengthening of the distance between the 
electrodes will reduce the film thickness distribution. The relationship between them was obtained under 

45 condition that the film tiiickness distribution T (%) in the film is included in 10 % under a variety of tiie 
conditions according to the present invention, resulting in tiiat the distribution is too large to be employed 
when d = 2 cm. When d is larger than 3 cm. a substantially excellent distribution can be obtained if d 
meets the relationship f (MHz)/d (cm) < 30. 

Rg. 8 illustrates the relationship between the distance between tiie electrodes and the density of 

50 defective level in tiie film under a variety of conditions while applying a frequency of 80 MHz. It can be 
found that the density of the defects gradually decreases if the distance between the electrodes is 4 cm or 
longer. It is understood tiiat the preferred distance between the electrodes is 4 cm or longer. Accordingly, 
the investigation was made in such a manner that the distance between the eiectrode s is 4^m or 5 cm. 
While considering the foregoing film forming mechanism, the surface of the Ssutistrate" must be 

55 sufficientiy covered with hydrogen in order to obtain a high quality a-Si thin film. Therefore, a mixture gas 
obtained by diluting SiH* by H2 is introduced at a ratio of SiHAiHa = 1:9 into a plasma reaction chamber 
and discharge was performed under the conditions: the ft-equency f = 80 MHz and the supplied electric 
power PW = 0.07 W/cm^. The relationship between pressure P (Ton) and the intensity of light of the SiH* 
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and H* radicals is shown in Rg. 9. In order to obtain the satisfactory quality of the a-Si film, the pressure P 
(Ton) enabling the relationship of the intensity of light [SIHT ^ [HT] is in a range of P ^ 0.25 Ton-. If P > 2.5 
Torr. foreign matters (polysilane) deteriorating the yield are generated. If the pressure P is in a range P < 
0.25 Tonr. the quality of the film deteriorates such as the enlargement of the content of hydrogen and the 
5 increase in the Sihb bonds. That Is, ^ high quaji ty a-Si film c an be obtained if the pressure P is 0.25 To nr or 
higher and as well as 2.5 To ELiy lower. Similarly, the relationships between the frequencies f = 13.567307 
50. 100, 120 and 150 and the light intensities are obtained, resulting in that the rise in f raised the light 
intensity but the ratio [HT/[SiHT was not changed considerably. 

Rgs. 10 and 11 show the relationship between supplied electric power Pw and the light intensities of the 

10 SiH* radical and the H* radical when the frequency of the high frequency power source is varied as f = 
13.56. 80 and 150 MHz while fixing the pressure as P = 0.5 Ton' for example. Refemng to Rgs. 10 and 11. 
white plots O and A show the condition [SiHT ^ [HT], while black plats O and A show the condition [SiHT < 
[H*], The relationship between each frequency f and the supplied electric power Pw at which [Sihf] ^ [KT] is 
held is shown in Rg. 12. As can be seen from Rg. 12, the supplied electric power Pw (W/cm^) with respect 

75 to each frequency f must be a value smaller than a value defined by the relationship 10/f (MHz) in order to 
obtain the a-Si thin film although its physical means has not be cleared yet. The foregoing range is shown 
by diagonal lines. The white O plots in Rg. 12 show the conditions under which a high quality a-Si thin film 
could be obtained, while black 0 plots show the conditions under which an a-Si thin film, the quality of 
which was unsatisfactory, was obtained. As the optimum conditions for the high quality a-Si thin film, the 

20 supplied electric power Pw with which the light intensity [KTMSiHT is the minimum value was selected 
followed by forming the film. 

The relationship between the power source frequency f at each pressure for forming the a-Si thin film 
and the central value Rm in the infrared ray absorption analysis is shown in Rg. 13. The electric power 
supplied at this time is the optimum electric power to be supplied with which the ratio [HT/fSiHl can be 

25 minimized. For example, an electric power of 0.04 W/cm^ is supplied when frequency is 80 MHz and the 
pressure is 0.5 Torr. In a region in which the frequency f is lower than 30 MHz. the film is defective 
because the substrate is excessively damaged by incidental ions and the content of the SiH2 bond in the 
film is too large. In a region in which the frequency f is higher than 120 MHz, the content of the SiH2 bonds 
in the film is too large, resulting in the deterioration in the quality of the film. The reason for this is that the 

30 Si, SiH and SiH2 radicals increase due to the excessive decomposition of the SiH4 molecules but the SiHa 
radicals are reduced. The aforesaid region encounters problems of the film thickness and the distribution of 
the quality of the formed film at the time of forming the film over a large area. 

In the range in which the film fonmtng pressure is from 0^ to 2.5 To rr. a high quality a-Si film can be 
obtained as shown in Rg. 13. However, the high quality a-Si film cannot be obtained at the other film 

35 forming pressures because of a consideration that the substrate is damaged excessively by the incidental 
ions in the pressure range of p < 0.25. In the pressure range p > 2.5, polysilane is considered to be 
generated. Rg. 14 illustrates the relationship between the firequency f and the spin density while using each 
film forming pressure as the parameter in a manner similar to the foregoing graphs. 

The relationship between the frequency f and the film forming speed DR when the pressure is 0.5 Torr 

40 and the supplied electric power is 0.04 W/cm^ is shown in Rg. 15 for example. The dependency of the S/N 
ratio of the photoconductivity ap (S/cm) and the dark conductivity ad(S/cm) is shown in Rg. 16. The 
relationship between the film forming speed and the S/N ratios with respect to the frequencies are shown in 
Rg. 17. 

As a result, an a-Si thin film exhibiting excellent quality and revealing satisfactory manufacturing facility 
45 can be manufactured when the frequency is ranged from 30 MHz to 120 MHz. It is preferable tiiat the 
firequency is from 50 MHz to 100 MHz to improve the photoelectric characteristics. 

Then, the residence time t (sec) was confinmed under the following conditions that the pressure p = 
0.5 Torr. tiie frequency f = 80 MHz and the electric power Pw = 0.04 W/cm^. The residence time t (sec) is 
the time in which tiie raw material gas Q (seem) is retained in the discharge space V (cm^) in a case where 
50 the raw material gas Q (seem) introduced into the discharge space V (cm^) is controlled to maintain the 
pressure P (Torr) at a constant level, the residence time t being expressed by the following equation: 

T = 78.947 X 10-3 x V X P/Q 

55 The relationship between tiie residence time t and tiie light intensity of the SiH* radicals and the H* 
radicals is shown in Rg. 18. Since the relationship witti tiie light intensity must hold the relationship [SiH*] ^ 
[H*] in order to obtain a high quality a-Si thin film, the residence time t must be 2.5 see or shorter. 
Referring to Rg. 18. while plots 0 and A designate the conditions under which the relationship [SiH*] t [H*] 
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can be held, while black plots O and A designate the conditions under which the relationship [Sihf] < [HT] 
can be held. The change in the quality of the film due to the residence time r expressed by the central 
value Rm in the infrared ray absorption analysis is resulted as shown in Rg. 19. As can be seen from Fig. 
19, in the range in which the residence time t > 2.5, the ratio of the Sihfc bonds rises in the a-Si thin film, 
5 resulting in the deterioration in the quality of the film. Similarly, the S/N ratio of the photoconductivity ap - 
(S/cm) and the dark conductivity (S/cm) deteriorated In the case where t > 2.5 sec. 

That is, the fact that the preferred residence time r is 2.5 sec or shorter can be understood. 

The relationship t>etween the residence time t and the film forming speed DR is shown in Rg. 21 . The 
relationship t)etween the residence time t and the film thickness distribution Te (%) in the substrate is 
10 shown in Rg. 22. Assuming that the maximum film thickness and the minimum film thickness respectively 
are Tmax and Tmin. the film thickness distribution in the substrate is expressed by: Te = (1 - Tmin /Tmax) x 
100. The size of the substrate is 30 cm x 30 cm. As can be seen from Rg. 21, the film forming speed starts 
lowering if the residence time t is shorter than 0.05 sec. Similariy, the film forming speed lowers when the 
residence time t is longer than 0.05 sec. The reason for this can be considered that the reactive radicals 
75 generated due to the discharge are discharged prior to its reach to the surface of the substrate if the 
residence time t is short. If the residence time r is long, an assumption is made that the wanting of the raw 
material simply lowers the film forming speed. The same assumptions can be made in the case shown in 
Rg. 22. If the residence time t is shorter than 0.05 sec, a distribution following the raw material gas flow is 
generated. If the residence time t is longer than 5 sec, the distribution is generated starting at the portion to 
20 which the raw material gas is introduced. It is preferable that the distribution is 10 % or less as a reference. 

That is. the film forming speed is lowered in the region r < 0.05 sec, resulting in the wide film thickness 
distribution. Therefore, the residence time t must be 0.05 sec or longer in terms of forming a large-area film 
and the manufacturing facility. 

As a result, a large-area thin film device can be manufactured uniformly at an excellent yield by making 
25 the residence time r (sec) to be from 0.05 sec to 2.5 sec. It is preferable that the residence time t is from 
0.1 sec to 2.5 sec. resulting in the improvement in the photoelectric characteristics as shown in Rg. 20. 

If the conventional point of view is employed in which the quality of the film can be improved by 
hydrogen covering the surface terminates the dangling bonds in the a-Si film, hydrogen can be sufficiently 
adsorbed when the temperature of the substrate is low. and. therefore, the density of the dangling bond is 
30 low. However, the density of the dangling t)ond is unexpectively raised. 

The reason for this is considered by the inventor of the present invention that the role of hydrogen 
covering the surface is not to terminate directly the dangling bond but to improve the surface mobility of the 
SiHs radicals serving as the reaction precursors. If a consideration is made that the enhancement of the 
surface mobility decreases the dangling bonds, an estimation can be made that the rise in the dangling 
35 bond at a lower substrate temperature is due to a fact that the surface mobility of the reaction precursor is 
too low due to the low temperature although the surface of the substrate is covered with hydrogen. 

In the foregoing view point, it is important to improve the surface mobility of the SiHa radicals in order 
to manufacture the high quality a-Si thin film. 

In order to terminate the dangling bonds, the surface mobility of the SiHa radicals must be improved 
40 and the SiHa radicals which reache and are adsorbed by the substrate must be increased. 

It is considered that the adsorption and removable of hydrogen are always performed in the surface of 
the substrate. An assumption is made that the dangling bonds are generated if hydrogen in the surface is 
removed followed by being left from the termination by hydrogen or the SiHs radicals. 

45 (1) Surface Condition 

a-SiH-a-Si + (1/2)H2 (1) 



where symbol a is an active point of Si in the surface of the substrate. If the temperature of the substrate is 
low. Equation (2) proceeds in main. If the temperature is high, Equation (1) proceeds in main. Schemati- 
cally, the surface of the formed film is covered with hydrogen if the temperature is a low temperature of 
300 or lower. If the temperature is a high temperature of 300 or higher, the dangling bonds are 
55 formed in the surface of the formed film. The foregoing state is, although indirectly, clearly expressed by 
the relationship between the film fomning speed and the temperature of the substrate. The film forming 
speed is raised in proportion to the rise of the temperature of the substrate when the temperature of the 
surface is higher than 300 'C. If the temperature is lower than 300 "C. the film forming speed is made 



a-SiH - a-Si + (1/2)H2 



(2) 



50 
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constant regardless of the temperature of the substrate. The reason for this can be expected that the 
surface of the formed film is a constant surface when the temperature of the substrate is lower than 300 C. 
In general, the surface is covered with hydrogen and. therefore, the SiHa radicals perform bimolecular 
reactions for drawing hydrogen and reacted with the other SiHa radicals. It can be understood that the state 
5 of the surface of the formed film is changed when the temperature of the substrate rises in the case where 
the temperature is higher than 300 " C. That is, if hydrogen in the surface is separated and the SiHs radicals 
are reacted in the foregoing portion, hydrogen is removed, thus resulting in the rise in the film fonming 
speed. 

Then, the SiHa radicals generated in the plasma is diffused in the surface of the substrate followed by 
70 reaction with the active point, 

(2) Surface Reaction 

a-SiH + SiH3<act) <^-SiH3 + (1/2) H2 (3) 

75 

a-Si + SiHatact) ^ a-SiHa (4) 

At this time, SiHa^act) in Equations (3) and (4) are considered to be SiHa radicals in a state where it is 
able to react with the active point of the surface of the substrate, that is. reactive radicals adsorbed by the 

20 surface and therefore capable of shifting to the active point. It can be understood that the dangling bonds 
expressed by Equation (2) by the reaction expressed by Equation (4) can be terminated by increasing 
SiH3(act)- That is. a large quantity of the SiHa radicals must be diffused in the substrate and the SiHa 
radicals adsorbed to the surface of tfie substrate must be activated. The effect obtainable from Equation (2) 
increase only hydrogen in the film. 

25 The present invention is so anranged that tiie SiHa radicals are increased in the plasma CVD method 
using silicon compound as the main raw material gas by the following manner: the frequency f of the high 
frequency power source is made to be 30 MHz or lower, preferably from 50 MHz to 100 MHz. and negative 
voltage is applied to the electrode of the substrate in order to control the irradiation of the surface of the 
substrate with ions for the purpose of causing the SiHa radicals to be activated in the surface of the formed 

30 film and to be diffused in the surface. Thus, the characteristics of the thin film can be further improved and, 
accordingly, the film can be formed at a high speed. 

Rg. 23 shows the dependency of the light intensity [SiHT of the SiH* radicals (414 nm) and the light 
intensity [H^ of the hydrogen radicals upon the high frequency f applied. Rg. 24 shows the dependency of 
the film forming speed R upon the applied high frequency f . The conditions are set at this time that the flow 

35 rate of SiVU is 10 seem, the pressure is 0.5 Torr, and the high frequency electric power to be supplied is 10 
m/cm^. 

As shown in Rg. 23, the rise in the applied high frequency f causes the SiH* radicals and H* radicals in 
the plasma to start increasing at about f = 30 MHz. However, a maximal value is attained at about from f = 
80 MHz to 100 MHz followed by a tendency of decreasing. Since the rate of the decompositions of the 

40 silane gas and the hydrogen gas depend upon the electron density ne in the plasma, the SiH* radicals and 
H* radicals also depend upon tfie electron density ne. Therefore, it can be considered that the electron 
density ne in the plasma shows the dependency upon the applied high frequency f. and the light intensity 
of the radicals depends upon the high frequency as shown in Rg. 23. 

If the film forming conditions are varied from those shown in Rg. 15, the film forming speed R is 

45 changed with respect to the applied high frequency f as shown in Rg. 24. 

Also in this case, the film forming speed R starts increasing at about f ~ 30 MHz in proportion to the 
applied high firequency f, resulting in the maximal value at about from f = 80 MHz to 100 MHz. 
Accordingly, the effect of the present invention can be satisfactorily exhibited when the frequency is ranged 
from 30 MHz to 120 MHz. It can be considered that the film forming speed in the silane gas is in proportion 

50 to [SiH*] and the tendency shown in Rg. 24 depends upon the tendency of [SiH*] even if the film forming 
conditions are changed. Therefore, it can be considered that the applied frequency relates to the silane 
radical contributing to the film forming, and thus the film forming speed is changed. 

Rg. 25 illustrates the dependency of the light intensity [SiH*] of the SiH* radicals and the light intensity 
[H*] of the hydrogen radicals H* upon the applied high frequency electric power Pw when the high 

55 frequency is varied as 13.56 MHz, 50 MHz and 100 MHz. As shown in Rg. 25. tiie enlargement of the 
applied high frequency electric power will increase both [SiH*] and [H*] while [H*] shows higher dependency 
than [SiH*]. Also a fact can be understood from Rg. 25 that the correlative relation as shown in Rgs. 10 and 
1 1 is attained eve if the film forming conditions are changed. 
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In general, the amorphous silicon must be manufactured under certain conditions. Rrst, the [KT] in the 
plasma and the film forming speed R must hold a relationship [H*]/R ^ a (a is a constant). The reason for 
this is that microcrystallization occurs if the content of hydrogen covering the surface of the formed film 
exceeds a certain quantity. Since the film forming speed R is in proportion to [SiKT] in the case of a plasma 

5 which uses the silane gas, the foregoing condition may be rewritten as [HT/[SiHT ^ a. Under the foregoing 
condition, a' = 1. By raising the applied high frequency, the efficiency of decomposing the gas can be 
Improved, the film forming speed can be raised and thus the time required to form the film can be 
shortened. If an attention is paid to point P at which [HT/[Sil-n = 1 in Rg. 25, the point P is shifted to the 
upper left portion of Rg. 25 with the rise in the applied radio frequency f. The applied electricity Pw at the 

10 point P and the applied radio frequency f are changed while substantially maintaining the relationship Pw = 
10/f (PwiW/cm^, f:MHz). The points that satisfy [HT/[SiHT = a are changed similarly as well as the point P. 
That is, the ratio [HT/[Sil-r] lower than a certain value can be realized at a certain radio frequency f with high 
frequency electric power smaller than the upper limit present. If the film forming speed at the conventional 
frequency of 13.56 MHz is raised by enlarging the applied high frequency electric power, the [KTMSiKT] is 

75 raised, resulting in the conditions under which microcrystallization occurs easily and. therefore, resulting in 
the deterioration in the quality of the film as descrit}ed above. The present invention is very effective to 
lower the ratio and to raise the film forming speed. 

The high frequency electric power was obtained under a variety of conditions, resulting in a fact that a 
region as shown in Rg. 26, the upper limit of which is designated by a curve expressed by Pw = 10/f, and 

20 which is designated by diagonal lines of Rg. 26 is the region in which the present invention can be realized. 
The fact that an excellent film can be manufactured with smaller high frequency electric power is very 
effective when a large apparatus is used to form a film over a large area. That is, the size of the high 
frequency power source can be reduced with respect to the size of the apparatus, thus resulting in the 
reduction of the cost of the apparatus. In terms of the influence upon the characteristics of the film, the fact 

25 that the film can be manufactured in a region, in which the small electric power is supplied, will reduce the 
total energy of ions in the plasma. Therefore, the surface of the film can be protected from the damage due 
to the incidental ions, and, accordingly, a film having excellent characteristics can be formed. Furthermore, 
the high frequency electric power, that makes the discharge to be unstable and that allows abnormal 
discharge to occur, does not need to be used. Therefore, the film forming speed can easily be raised while 

30 maintaining a satisfactory reproductivity. Then, the foregoing state will now be described. 

Rg. 27 illustrates the dependency of the film forming speed upon the applied high frequency electric 
power PW when the applied frequency f is 13.56 MHz, 50 MHz and 100 MHz. At this time, the following 
conditions are employed: the flow rate of SiH^ is 10 seem and the pressure is 0.5 Torr. Referring to Rg. 27. 
symbol a denotes the result when the frequency is 13.56 MHz, b denotes that when the frequency is 50 

35 MHz and c denotes that when the frequency is 100 MHz. In each of the aforesaid cases, it can be found 
that the film forming speed rises substantially in proportion to the applied high frequency electric power. 

Usually, the film forming speed is raised by enlarging the applied high frequency electric power. In the 
case where the convention frequency of 13.56 MHz is used, the high frequency electric power of about 30 
mW/cm^ or more has been required as can be seen from a of Rg. 27 when a film forming speed of, for 

40 example. 20 A/sec is realized. However, the portion designated by diagonal lines is supplied with 
excessively large electric power to the plasma, resulting in unstable discharge. As a result, an abnormal 
discharge can easily take place, the polysilane in the gas phase is generated by a large quantity, and 
therefore the quality of the film deteriorates. If high frequency wave is used and electric power of 30 
mW/cm^ is supplied to obtain a film forming speed of 30 A/sec, the resulted values are included in the 

45 unstable discharge region designated by the diagonal lines of Rg. 27. Therefore, a film exhibiting excellent 
quality could not be stably obtained while maintaining excellent productivity. However, the rise in the 
applied high frequency enabled the film forming speed to t>e raised while necessitating smaller high 
frequency electric power without a fear of the abnormal discharge and the generation of the polysilane. 
Rg. 28 illustrates the dependency of the film forming speed upon the pressure. At this time, the 

50 conditions are set as follows: the flow rate of Si hU is 10 see m, and the applied electric power is 10 
mW/cm^. The symbol a of Rg. 28 shows the resulS*when the frequency is 13.56 MHz. b shows the results 
when the frequency is 50 MHz and c show the results when the frequency is 100 MHZ. In the ease where 
the conventional frequency of 13.56 MHz is used, a pressure of several Torr has been required to realize 
the film forming speed of, for example, about 30 A/sec. However, in the region designated by diagonal lines 

55 of Rg. 28 in which the pressure is large than substantially 1 Torr. the gas phase reaction easily occurs, and 
the generation of polysilane becomes excessively followed by reaching the surface of the formed film and 
introducing. As an alternative to this, it is deposited on the wall of the chamt)er. followed by separation of 
the film and introduction into the film which is being formed, resulting in the frequent deterioration in the 





EP 0 562 623 A2 



quality of the film. If the RF wave is used at the time of fomriing a film under a pressure of several Torr to 
obtain the foregoing film forming speed of 30 A/sec, the entrance into the foregoing gas-phase reaction 
region takes place. Therefore, the film cannot be formed stably while exhibiting excellent reproductivity in 
the foregoing region. However, the rise in the applied high frequency enabled the film forming speed to be 

5 raised while necessitating smaller high frequency electric power without a fear of the abnormal discharge 
and the generation of the potysilane. 

In terms of preventing the damage caused from ions, the movement of ions in the plasma is paid 
attention. In general, ions in the high frequency plasma are vibrated by the electric field which is t>eing 
oscillated by the high frequency wave in the plasma. The foregoing state can be expressed by the following 

10 equation, where A is the amplitude of the oscillating ions: 



where 

75 V: the highest speed in one period of the high frequency 
<i>: the angular frequency of the high frequency: f = 2 7ra> 

Assuming that a parallel and flat type film forming apparatus is used and the distance between its 
electrodes is d, the following condition must t>e satisfied: 



Thus, ions in the plasma do not reach the surface of the substrate but move within the plasma. The 
foregoing state is usually called a state where ions are captured or trapped in the plasma. As can be seen 
from the foregoing relational expression, the rise of the applied high frequency enables the state where ions 
25 are trapped to be realized regardless of the size of the apparatus. As a result, the quantity of ions to be 
made incident on the substrate could t>e reduced. The present invention is intended to positively utilize the 
aforesaid state. By reducing the quantity of the incidental ions and the energy, the defects caused from 
them could be reduced. 

Fig. 29 illustrates the foregoing state. A mass analyzer was set at the position of the substrate and the 

30 incidental energy of ions flying to the foregoing position and the distribution of the quantities of incidental 
ions were obtained. In order to easily perform analysis, data about argon gas was obtained. Also the 
reaction gas according to the present Invention t)aslcally shows a similar tendency. The conventional 
applied high frequencies f = 13.56 MHz and f = 80 MHz according to the present invention are different 
from each other in the energy and quantity of ions made incident upon the substrate. It is apparent that the 

35 condition of f = 80 MHz shows a smaller average incidental energy and small quantity of Incidental ions. 

As described above, the use of the VHF high frequency plasma enabled the film forming speed to be 
raised easily, stably while maintaining excellent reproductivity as compared with the case where the 
conventional RF wave plasma is used. Furthermore, the ion damage could be reduced and the film 
thickness distribution is restricted, resulting in an excellent film to be obtained. 

40 Although the description has t»een made abovX the case where the silane gas is used, a similar effect 
can be realized even if a system is employed in which dilution with a dilution gas such as hydrogen is 
performed. However, a high film forming speed can be realized with a low pressure, resulting in that the 
conventional necessity of adjusting the pressure by performing dilution with hydrogen can be eliminated. 
Thus, the film can easily be fonnried by using 100 % silane. 

45 The inventors of the present invention have realized a high quality film formed at a high speed by 
employed a method using the foregoing VHF wave plasma. Furthermore, the inventors have found a further 
improved method. The method will now be descrit)ed. In which the Influence of the temperature of the 
substrate upon the film forming method was Investigated. It has been said that the temperature of the 
substrate at the time of forming the film has a certain optimum level and the optimum temperature in a 

50 method using usual RF wave is 200 *C to 250 'C. As for the foregoing fact, results of the experiments 
carried out about the dependency of the density of defects in the film upon the temperature of the substrate 
by the inventors are shown in Rg. 11. Referring to Rg. 11, symbol a denotes the results of a film formed by 
using the convention RF wave of 13.56 MHz. The density of the defects in the film can be minimized at 
about 250 • C while exhibiting excellent results in the characteristics of the film such as the photoconductlv- 

55 Ity. The Inventors further investigated the state where the density of the defects in the film depends upon 
the raised frequency applied and the state where the temperature influences the defects. Referring to Rg. 
1 1 , symbol b denotes data when the frequency was 50 MHz, and c denotes data when the frequency was 
100 MHz. A fact was found that the rise In the frequency will raise the substrate temperature Topt at which 



A = 



20 



d> A 
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the density of the defects in the film can be minimized. Furthermore, another fact was found that the 
minimum value of the density of the defects can be reduced. If the temperature of the substrate is raised to 
a level higher than Topt. the density of the defects again rises. Although data about only three points was 
obtained, fine research of the frequency dependency resulted in that the dependency of the density of the 

5 defects upon the temperature of the substrate is. if the frequency is lower than 30 MHz. substantially the 
same as that when the frequency is 13.56 MHz. Therefore, the foregoing dependency upon the temperature 
of the substrate first occurs in the VHF band higher than 30 MHz. If the frequency is lower than 30 MHz. the 
quality of the film could not be improved due to the foregoing mechanism. 

The dependency of the minimum defect density Nsmin (point P of Rg. 30) was obtained while applying 

70 a frequency higher than 30 MHz under a variety of conditions, resulting in as shown in Rg. 31. If the 
temperature is 300 * C or lower, the density of the defects is not lowered than a value obtainable from a 
conventional RF discharge. If the temperature is raised about 300 "C, the density is lowered. As a result of 
the experiment according to the present invention, the density of the defects in the film could be lowered to 
a value from 10^* to lO^^/cm^ by one or two digits as compared with the conventional results if the 

75 temperature is higher than 300 •C. If the temperature is about 550 "C. the density of the defects starts 
rising, and the same rises excessively when the temperature exceeds 600 " C. The X-ray analysis of the 
sample obtained at 600 resulted in peaks of crystal to be observed. Since it has been said the 
crystallization temperature of amorphous silicon is from 550 •C to 600 'C, the foregoing excessive increase 
In the defects can be explained that the defects in the grain boundary of the crystal are increased due to 

20 the crystallization. 

Although it has not been cleared the mechanism of the effect of lowering the density of the defects in 
the film by using the foregoing frequency higher than 30 MHz and by making the temperature of the 
substrate to be 300 - C or higher, it can be considered as follows: 

As descrit>ed above, the surface of the growing film is covered with hydrogen if the temperature of the 
25 substrate is from 300 • C to 250 • C. the growth of the film depends upon the mutual action of hydrogen In 
the surface and silane radicals SiHa* which has reached the surface. That is* it can be considered that the 
following reaction takes place: 

I 

30 

- Si - H + SiH3* ^ Si - SiH3 + H T 
I 

35 

As described above, hydrogen is extracted by the silane radical to be t)onded here. Hydrogen which has 
not been extracted, is received into the film as it is followed by forming hydrogen in the film. If the 
temperature is higher tiian 350 * C. the major portion of hydrogen in the surface is removed, resulting in tiie 
dangling bond to be generated in the surface. At this time, tiie surface dangling bond and the silane radical 
40 are directly bonded to each other as expressed by the following reaction formula: 

I 

- Si • + SiH3* ^ Si - SiH3 Si - SiH2 • 

45 

I 

Furthermore, hydrogen attached to the foregoing radicals are simultaneously separated, resulting in new 
50 dangling bonds to be generated in the surface. If the temperature is further raised, the conventional method 
using the RF wave discharge encounters a fact that the supply of the silane radicals becomes insufficient to 
supplement the generation of the dangling bonds due to the hydrogen removable. As a result, the dangling 
bonds, which have not been terminated, are received into the film as it is. If the temperature is further 
raised, the foregoing tendency becomes more apparent, resulting in an excessively high density of the 
55 defects in the film as designated by curve a of Rg. 30 if the temperature is higher than 300 "C. Thus, the 
quality of the formed film inevitably deteriorates. As described above, tiie quality of the film could not be 
improved when tiie temperature is higher than 300 'C in a case where the film is formed by tiie 
conventional RF wave discharge. 
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It has been known that the use of the VHF wave discharge enlarges the quantity of the silane radicals in 
the gas phase as shown in Fig. 23. Furthermore, it can be considered that the quantity of SiHa* capable of 
reaching the surface of the formed film per unit area is. of course, increased. Therefore, sufficient radicals 
to terminate the dangling bonds in the surface can easily be supplied. 
5 In general, the surface diffusion coefficient D of particles in the surface of the grown film at the 
substrate temperature Ts is expressed as follows: 

D = vaO exp (- Ea/kTs) 

10 

aO: distance between bonded sites 
v: oscillation frequency at the site 

Ea: activating energy required to perform jumping from one site to next site 
The bonding site is considered as the dangling bond on the surface in the foregoing case. A schematic view 

75 of the dependency of D upon the temperature of the substrate, which is usually considered, is shown in Rg. 
32. The dependency is considered to simply increase to about 300 •C, but starts decreasing at about 
300 "C. and again increases at about 350 *C. It is considered that hydrogen covering the surface affects Ea 
to be made smaller as compared with a state where the dangling bonds are exposed. Furthermore, the 
presence of hydrogen in the surface does not change the number of the exposed dangling bonds, resulting 

20 in the constant number. If the temperature is raised to a level higher than 300 "C causing hydrogen in the 
surface to be removed, the dangling bonds in the surface start increasing, resulting in that the distance 
between the sites, that is, the distance between the dangling bonds is shortened. Furthermore, the exposed 
dangling bonds have large bonding force and the activating energy is made to be larger as compared with 
the case where the surface is covered with hydrogen. Therefore, it can be considered that D starts 

25 decreasing at about 300 and starts increasing at about 350 at which hydrogen has been completely 
removed, while having new activating energy and maintaining the distance between sites. 

According to the present invention, it can be considered that the use of region C shown in Rg. 32 to 
maintain the temperature of the substrate at 300 'C or higher, to remove hydrogen in the surface, to expose 
the dangling bonds, and to supply a large quantity of radicals, resulting in that the radicals effectively meet 

30 the defects on the surface of the formed film to terminate the defects. Rg. 32 shows an effect attained when 
the temperature is 300 or higher. Even if the temperature is further raised, the enlargement of the 
quantity of the supply raises the diffusion coefficient so that the radicals which have reached the surface are 
quickly diffused and the dangling t>onds are efficiently terminated. As a result of the consideration thus 
made, the phenomenon designated by b and c of Rg. 30 can be explained in which the rise of the 

35 frequency raises the substrate temperature Topt at which the density of the defects in the film is minimized. 
Accordingly, the forgoing phenomenon was formulated to obtain the optimum conditions for improving the 
quality of the film. As a result of experiments carried out ahout the relationship between the substrate 
temperature Topt CC) at which the density of the defects can be minimized and the applied frequency f 
(MHz) under a variety of conditions, a fact was found that the optimum temperature of the substrate and the 

40 optimum frequency hold a constant relationship Topt = kf + a (0.1 ^ k S 2. a = 300). Rg. 33 illustrates the 
foregoing state. The net pattem of Rg. 33 designates the area which meets the foregoing relational 
expression. 

As a result of the forgoing facts, it is preferable for the present invention to realize a state where 
hydrogen has been removed, that is. to make the temperature of the substrate to be 300 more 

45 preferably 350 • C at which surface hydrogen can be completely removed. As a result, defects, which have 
not been terminated conventionally and receive into the film, can be terminated, resulting in the density of 
the final defects in the film to be lowered. 

If the temperature is higher than 600 'C. the crystallization of the film is commenced, causing the 
defects in the film to be increased. Therefore, the preferred temperature of the substrate according to the 

50 present invention is 300'C ^ Ts ^ 600 'C, more preferably 350'C ^ Ts ^ 550 'C. It is preferable that the 
frequency is 30 MHz or higher with which the radicals in the gas phase increase as shown in Rg. 23. The 
foregoing condition is designated by the diagonal portion of Rg. 33. 

An advantage of the present invention is that hydrogen in the film can easily be reduced in addition to 
the foregoing operations. Rg. 34 illustrates the dependency of the content Ch of hydrogen in the film upon 

55 the temperature of the substrate. In also the conventional technology, the content of hydrogen in the film 
depends upon the temperature of the substrate, and, therefore, the content can be reduced by raising the 
temperature of the substrate. However, as can be considered from the foregoing mechanism, the conven- 
tional method encounters the removal of hydrogen in the surface if the temperature is raised to a level 
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higher than 250 if the RF wave discharge is used, resulting in that hydrogen to be received into the film 
to be decreased and that the quantity of supplied radicals to terminate the generated dangling bonds 
becomes wanting. As a result, the density of the defects in the film rises as designated by a of Rg. 30, 
resulting in lowering of the photoconductivity. Therefore, the characteristics required for the device utilizing 

5 light cannot be attained. Therefore, the temperature has not been raised to a level as described above. 
However, with the method according to the present invention, the temperature of the substrate can be 
raised while preventing the rise in the density of the defects in the film by further lowering the density. 
Therefore, the initial density of defects in the film could be lowered and hydrogen received into the film 
could be reduced. As a result, weak bonds generated considered to be due to hydrogen in the film can be 

70 decreased, causing the light deterioration of the photoelectric current to be prevented. 

That is. by employing high frequency wave of 30 MHz in the VHF band, the silane radicals can stably 
be increased as compared with the conventional RF band, resulting in the film forming speed to be stably 
raised while maintaining the reproductivity. Furthermore, the film is formed by enclosing ions, which 
deteriorate the characteristics of the film, into the plasma, the damage due to ions can be prevented, and 

75 the plasma damage on the interface can be prevented. Therefore, an excellent film could be stably formed. 
By preferably maintaining the substrate temperature Ts ("C) at a high temperature from 300 •€ to 600 "C, 
more preferably by maintaining that to hold the relationship ts = kf + a(0 1^k^2. a = 300). the content 
of hydrogen in the film could be lowered. Furthermore, the density of the defects in the film could be 
simultaneously prevented. Therefore, an excellent film having a large photoconductivity and improved light 

20 deterioration prevention characteristics could be formed. 

That is, it is preferable for the present invention that the VHF wave is so applied that the substrate 
temperature Ts CC) and the applied frequency f (MHz) hold the relationship ts = kf + a (0.1 ^ k ^ 2, a = 
300) to provide a further high quality amorphous silicon. 

It is preferable for the present invention to generate plasma by supplying electric power smaller than 

25 10/f (W/cm2)(f: MHz). Further, it is preferable that the VHF wave Is so applied that the ratio of the light 
intensity of the hydrogen radical and that [SiHI of the silane radical hold the ratio [H^/[SiH^ S 1 to 
generate the plasma. Thus, a higher quality amorphous silicon can be formed. 

It is preferable for the present invention that the VHF wave is so applied that the distance d between the 
electrodes meets the relationship f/d < 30 to generate the plasma. Thus, a higher quality amorphous silicon 

30 can be formed. 

Embodiment 1 

An embodiment of a field-effect-type transistor using an a-Si thin film manufactured by the film forming 
35 method according to the present invention will now be described. 

Rg. 35 is a cross sectional view which illustrates an inversed-stagger-type TFT. 

A gate electrode 12 is formed on an insulating substrate 11. Furthermore, an insulating layer 13 and a 
semiconductor layer 14 are formed on the gate electrode 12. The semiconductor layer 14 has a source and 
drain electrode 16 while interposing an ohmic contact layer 15 thereon. Furthermore, a protection layer 17 is 
40 formed for protection. Then, a method of manufacturing the TFT will now be described with reference Rgs. 
36A to 36D. 

Rrst, a Cr thin film (about 1.000 A) is. as shown in Rg. 36A. on the 7059-glass substrate 11 
manufactured by Coning by a sputtering apparatus followed by patterning, thus resulting in a gate electrode 
12 to be formed. 

45 Then, a plasma CVD apparatus is used to form a silicon nitride thin film SiNx (at>out 3,000 A) to form a 
gate insulating layer 13. Then, a non-doped amorphous silicon and an i-type a-Si (about 6.000 A) to serve 
as a semiconductor layer 14, and phosphorus-doped microcrystal silicon and n^-type uc-Si (about 1000 A) 
thin films to serve as an ohmic contact layer 15 are sequentially formed by the same apparatus. 

Then, as shown Rg. 36B. an Al thin film (atwut 1 um) was formed by a sputtering apparatus followed 
50 by patteming, so that a source and drain electrode 16 is formed. The channel width and the channel length 
L were made to be W/L = 100. 

Then, as shown in Rg. 36C. unnecessary portions of the n+-type uc-Si layer are etched by reactive ion 
etching so that a gap portion 28 is formed. 

Then, as shown in Rg. 36D. unnecessary portions of the SiNx/i-type a-Si/n+-type uc-Si layer were 
55 isolated, and then the protection layer 17 was deposited, so that a thin film transistor as shown in Rg. 35 is 
manufactured. 

A method of manufacturing the a-Si thin film, which is the essential portion of the present invention, will 
now be described. 
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As described above, the a-Si thin film is formed by the parallel flat plate type plasma CVD apparatus 
arranged as shown in Rg. 37. Rg. 37 illustrates a film forming chamber for forming the i-type a-Si thin film, 
where a mechanism for successively forming the SiNx/i-typ)e a-Si/n'*"-type uc-Si layer and the other film 
forming chambers are omitted from illustration. Referring to Rg. 37. reference numeral 300 represents a 

5 vacuum chamber. 301 represents a substrate, 302 represents an anode electrode, 303 represents a cathode 
electrode, 304 represents a substrate heater. 305 represents a temninal for earth. 306 represents a matching 
box, 307 represents a high frequency power source. 308 represents an exhaust port. 309 represents an 
exhaust pump, 310 represents a raw material gas introduction port, 320. 340, 322 and 342 represent valves, 
and 321 and 341 represent mass-flow controllers. 

10 The substrate is introduced from the precedent SiNx film forming chamber (omitted from illu^Etration), 
and the pressure pite chamber is lowered to 1 x 10"^ Torr. Then, raw material gases SiKU an/hfc^ere 
supeli©€ki)y 2 an(|ll8B)bcm by the mass flow controllers 321 and 341 followed by maintaining theV^ure 
at fflj To tV or loweriTien, the substrate heater 304 is operated to maintain the temperature of the substrate 
at^OO^ followed by applying waves having a frequency of 80 MHz by a high frequency power source 307 

75 with electric power of 0.04 W/cm^ so that the i-type a-Si film is formed to have a thickness of 6000 A. After 
the film has been fonmed. the pressure in the chamber is similarly lowered to 1 x 10~^ Torr or lower. Then, 
the sut)strate is sifted to the next n^^pe^Si film forming chamt)er. In this emt)odiment. the distance 
t)etween the electrodes is madeldlSe 4 cm^ 

Thus, the thin film transistorTarTBernanufactured. Although the high frequency discharge using 80 

20 MHz is employed as the embodiment of the present invention, the frequency f can be changed by changing 
the supplied electric power PW (W/cm^) to a value defined by the relationship 10/f (MHz), preferably electric 
power with which the light intensity ratio [HT/[SiHT can be minimized. The dependency of the electric field 
mobility u (cm^A^sec) of the TFT using the a-Si thin film formed at each frequency f upon the frequency f 
(MHz) is shown in Rg. 38. As can be seen from Rg. 38, the electric field mobility u can be improved when 

25 the frequency is from 30 MHz to 120 MHz. The electric field mobility at 80 MHz was improved to 0.88 
cmWsec which is the twice of 0.47 cmWsec of the a-Si thin film formed by the conventional discharge by 
using 13.56 MHz. The reason for this can be considered as known that it is caused from the difference in 
the ion energy made incident on the substrate at the time of the argon (Ar) discharge shown in Rg. 29. The 
high frequency discharge using 80 MHz according to the present invention is characterized in that the ion 

30 energy which reaches the substrate is small and also the energy dispersion is restricted as compared with 
the conventional discharge that uses 13.56 MHz. Therefore, the SiNx thin film serving as the gate insulating 
film can be protected from the ion damage when the a-Si thin film is stacked, and therefore the 
characteristics of the interface can be improved. 

The frequency can be determined depending upon the fact that the improvement must be made in the 

35 characteristics of the film or the manufacturing facility or the characteristics of the device. 

Embodiment 2 

A second emtx)diment of an electric-field-effect-type transistor using an a-Si thin film manufactured by 

40 the film forming method according to the present invention will now be described. 

The structure of the inverse-stagger-type TFT to be manufactured, the manufacturing process, and the 
structure of the parallel-flat-type plasma CVD apparatus for use to manufacture the a-Si thin film are the 
same as those shown in Rgs. 36 and 37. Therefore, their descriptions are omitted here, and the description 
will be made at)out the different portion, that is. tiie method of manufacturing the a-Si film. Also the distance 

45 between the electrodes is made to be 4 cm in this embodiment. 

The substrate is introduced from the precedent SiNx film forming chamber (omitted firom illustration), 
and the pressure injthe^hamber is lowered to 1 x 10"^ Tonr. Then, raw material gases SiH^ and H2 were 
supplied by 2 andC^S scop by thSVmass flow controllers 321 and 341 at a ratio of SiH4:H2 = 1:9 followed 
by maintaining the pressure afi^^rr or lower. The flow rate was adjusted to made the residence time r 

50 to be 1 .0 sec. Then, the substrate heater 304 is operated to maintain the temperature of the substrate at 
200 followed by applying waves having a fi-equency of 80 MHz by a high frequency power source 307 
with electric piower of 0.04 W/cm^ so that the i-type a-Si film is formed to have a thickness of 6000 A. After 
the film has been formed, the pressure in the chamber is similarly lowered to 1 x 10~^ Torr or lower. Then, 
the substrate is sifted to the next n+-type u-Si film forming chaml>er. 

55 Thus, the thin film transistor can be manufactured. Although the high frequency discharge using 80 
MHz is employed as the embodiment of the present invention, the frequency f can be changed by changing 
the conditions such as the supplied electric power to a value with which the light intensity ratio [H^ ^ [SiYV] 
can he met. nreferablv a valiift with whirh thft linht intensitv ratio rH*l/rSil-ri is minimized Thft rfilatinn<;hin 
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between the residence time t (sec) and the average electric field mobility u (cmWsec) in the substrate is 
shown in Rg. 100. Considering the distribution of the characteristics, an excellent electric field mobility u 
(cmWsec) can be obtained when the residence time r (sec) is from 0.05 sec to 2.5 sec. 

5 Embodiment 3 

A manufacturing apparatus for use in this embodiment is shown in Rg. 39. The basic structure is 
anranged similarly to the conventional parallel-flat-type plasma CVD apparatus. As shown in Rg. 39. 
reference numeral 3900 represents a vacuum chamber, 3901 represents an anode electrode, 3902 

10 represents a substrate, and 3903 represents a cathode electrode. Reference numeral 3920 represents a 
power supply terminal with which bias voltage can be applied to the substrate if necessary. The anode 
electrode 3901 includes a substrate heater (omitted from illustration). Reference numeral 3904 represents a 
matching device. 3905 represents a rotary pump. 3910. 3911 and 3912 represent mass-flow controllers to 
which gases are supplied from gas cylindpr(Sf?titted from illustration). The electrode area is at>out 300 cm^ 

75 and the distance between the electrodes^s 5 cm J 

In this embodiment, Sim, as the rawTnat^l gas. and Ar, as the dilution gas, are introduced into the 
vacuum chamber 3900 followed by discharge at frequency f (MHz) by a high frequency power source 3905. 
The temperature of the substrate is raised to 250 • C by the substrate heater, and the bias for the substrate 
Is made to be 0 V in order to simplify the description. In order to obtain satisfactory a-Si thin film, the 

20 pressure P (Torr) and the electric power Pw (W/cm^) are so selected that the relationship between the light 
intensities holds [H*] ^ [S\H*], preferably a value with which the light intensity ratio [HT/[SiKP] is minimized. 
The pressure is from about 0.25 Torr to about 2.5 Torr. and the electric power of about 0.3 W/cm^ was 
supplied. " ^ 

Rg. 15 illustrates the relationship between the power source frequency f and the film forming speed 

25 DR. Rg. 40 illustrates the relationship between the light intensity of SiH* and the film forming speed DR. An 
estimation can be made that the rise in the discharge frequency will increase the SiH3 radicals. Further- 
more, it can be expected that the SiH3 radicals and the film forming speed have a correlated relationship. 
The resulted lowering of the film forming speed DR in the region in which the discharge frequency f 
exceeds 120 MHz is estimated that it is a peculiar problem of the apparatus for use in the present invention 

30 that an effective power supplied is reduced. 

The relationship relating to the quality of the film among the discharge frequency f and the central value 
Rm in the infrared ray absorption analysis is shown in Rg. 41. The relationship t)etween the discharge 
frequency f and the spin density Ns is shown in Rg. 42. As a result, it can be understood that the quality of 
the film is improved when the discharge frequency is from 30 MHz to 120 MHz. If the frequency is less than 

35 30 MHz. the damage of the substrate due to the incident ion (to be described later) is critical, the content of 
the SiH2 bonds in the film is large and therefore the film has many defects. If the discharge frequency f is 
higher than 120 MHz, the content of the SiHa bonds in the film is large, also resulting in the deterioration in 
the quality of the film. The reason for this has not been cleared yet whether the SiH4 molecules are highly 
decomposed resulting in the increases in the Si. SiH and SiHa radicals, or the surface mobility of SiHa 

40 deteriorates due to the fact that ion energy made incident upon the surface of the substrate is too small. 

The dependency of the S/N ratio of the photoconductivity op (S/cm) and the dark conductivity cd (S/cm) 
is shown in Rg. 16. If the discharge frequency is from 50 MHz to 100 MHz. the improvement in the 
photoelectric characteristic can be expected. 

As a result, the film forming speed can be raised while maintaining the quality of the a-Si film when the 

45 frequency is ranged from 30 MHz to 120 MHz in the case where the substrate bias Vb = 0 V. 

The fact has been described that the high quality a-Si film can be realized by increasing the SiHa 
radicals and improving the mobility on the surface of the substrate. Accordingly, the inventors of the present 
invention caused the SiHa radicals for forming a high quality film to increase by employing the discharge 
frequency of 30 MHz or higher. Furthermore, negative bias is applied to the substrate to activate a large 

50 quantity of reactive radicals SiHa adsorbed to the surface, resulting in improving the mobility in the surface 
of the substrate. As a result, an excellent a-Si film could be formed. In other words, the negative bias is 
applied to the substrate to make positively collide ions with the surface of the formed film, resulting in the 
diffusion of the SiHa radicals in the surface by the kinetic energy. 

Rg. 43 illustrates the relationship between the substrate bias Vb and the central value Rm in the 

55 infrared ray absorption analysis at discharge frequencies from 30 MHz to 120 MHz and 13.56 MHz. Rg. 44 
illustrates the relationship between the substrate bias Vb and the spin density Ns. The substrate bias is 
expressed by the distance d (cm) between electrodes and the applied voltage V (v) as Vb = V/d (v/cm). An 

imnnrtant fart i<; that fhoro i<; art nntimiim Qiihotrpto hia<! If a nftnativft hia<; tfi annliftH thft imnrnvf^mpnt in 
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the quality of the film can be expected. However, if the negative substrate bias is too large, the quality of 
the filnr) deteriorates. 

Rg. 45 shows the relationship between the discharge frequency f and the spin density Ns when the 
optimum substrate bias is applied with which the spin density Ns can be minimized and the central value 
5 Rm of the infrared ray absorption analysis is not enlarged. 

When the conventional frequency of 13.56 MHz is used, the quality of the film can be improved by 
applying positive bias in place of applying the negative bias. The aforesaid fact has been known in the RF 
plasma CVD method which uss 13.56 MHz as a usual method of improving the quality of the film. On the 
same view point, a method may be employed in which a third electrode is provided between the substrate 

10 and the cathode to which positive bias is applied. 

The description will be made about the reason why the optimum substrate bias is different as positive 
and negative between the case where the frequency band range according to the present invention is used 
and the case where the conventional frequency of 13.56 MHz is used. Prior to describing it, the ion damage 
of the substrate by the discharged frequency will be described. 

75 As shown in Frg. 29. the average incidental ion energy is low when f = 80 MHz and a sharp energy 
distribution is attained. On the contrary, a multiplicity of large energy ions is present at 13.56 MHz and an 
undesirable distribution is attained. Inventors of the present invention estimate that ions oscillate at the 
conventional frequency of 13.56 MHz following the frequency and the ions are completely stopped due to 
the increase in the discharge frequency. 

20 That is, as for the foregoing difference in the substrate bias due to the discharge frequency shown in 
Figs. 43 and 44. if the negative bias is applied to the substrate when the low frequency of 13.56 MHz is 
used, unnecessary large energy ions are incident. Therefore, it is preferable that the substrate bias is made 
positive to prevent incidence of high energy ions if the negative bias is applied. The ion damage of the 
surface of the formed film considered to be the most critical disadvantage for the RF plasma CVD method 

25 is considered to be due to the foregoing large energy ions. 

Since a uniform ion energy distribution is attained when a high frequency of 30 MHz or higher is used, 
control can easily be performed. By positively colliding ions with the substrate by using the negative bias, 
energy is given to SiHa which is the reactive radical for the surface of the growing film, resulting in an effect 
to be obtained in that the mobility of the SiHa radicals can be improved in the surface of the substrate. 

30 Accordingly, a too small negative bias for the substrate cannot improve the surface mobility of the SiHa 
radicals. If the negative substrate bias is too large, the ion damage occurs. Therefore, the existence of the 
optimum bias Vc can be understood at which the spin density shows the minimum value depending upon 
the discharge frequency, ft is preferable that ions to irradiate the substrate are ions having the atomic 
weight similar or larger than that of Si ions rather than in-adiating light elements such as hydrogen or helium 

35 which can easily be diffused in the film. Although the process of the change of the state of the sut>strate 
surface due to the ion irradiation and the mechanism of the activation of the SiHs radical have not been 
cleared yet. the inventors of the present invention estimates that the outermost surface of the substrate, that 
is, the several atomic layers of the surface, are brought to a high temperature state, that is. an activated 
state. Therefore, hydrogen removes from the surface, and the SiHa radicals, which have reached the 

40 surface, are adsorbed and given the energy, resulting in diffusion. Although the radical diffusion distance is 
short because the surface is reactive, a considerably many radicals are present as compared with the 
conventional technology, the SiHa radicals can be diffused uniformly in the surface activated points. 

At the discharge frequency according to the present invention at which the SiHa radicals can be 
increased efficiently, that is, the frequency range higher than 30 MHz, the optimum bias voltage Vc is raised 

45 toward the minimum side in proportion to the increase in the discharge frequency as shown in Rg. 46. 
Since it also depends upon the distance between the electrodes, a relationship 0 > Vb/d k about - 12 
(v/cm) must t>e held assuming that tiie voltage to be applied to the electrode of the substrate is Vb (v) and 
the distance between the electrodes is d (cm), resulting in tiie improvement in tiie quality of the film to be 
expected. 

50 As the characteristics of the present invention, hydrogen content Ch in the film witii respect to each 
discharge frequency f with the optimum bias Vc applied is a substantially uniform value of several %, 
resulting in a considerable improvement as compared with tens of % of the hydrogen content Ch attained 
from the conventional glow discharge under conditions that the substrate bias Vb = 0 v and f = 13.56 
MHz. Furthermore, a fact that the hydrogen content Ch does not considerably depend upon the substrate 

55 temperature Ts was confirmed. Rg. 47 shows an embodiment of the present invention in which the 
discharge firequency f is 80 MHz and the substrate bias Vc is - 40 v and shows tiie conventional example in 
which the discharge frequency f = 13.56 MHz and the substrate bias Vb = 0 v. Rg. 48 shows the 
relationship between the substrate temperature Ts and the spin density Ns. A similar fact can be 
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understood that it does not considerably depend upon the substrate temperature Ts. It can be considered 
that the reason why an a-Si film having satisfactory excellent film quality can be obtained although the 
substrate temperature Ts is lower than the conventional temperature is that the substrate bias Vb is 
effective as means for improving the surface mobility of the SiHa radicals. 

5 Then, the light deterioration was evaluated. Specifically, a comparison was made by measuring the 
change in the dark conductivity after irradiation of white light of 10 mW/cm^ at Vd = 10 (v) for a 
predetermined time. Where the change at this time was evaluated with respect to the initial dark 
conductivity. As can be seen from Rg. 49, the a-Si film according to the present invention does not 
deteriorate as compared with the conventional a-Si film as expected, resulting in a defect-reduced film in 

10 which the hydrogen content and the spin density are low. 

Then, an embodiment of a field-effect-type transistor which uses the a-Si film manufactured by the film 
forming method as described at>ove will now be described. Since the field-effect-type transistor according 
to this embodiment is arranged similarly to that shown in Rgs. 35 and 36. its detailed description is omitted 
here. 

75 The method of manufacturing the a-Si thin film will now be descnt)ed, which is the essential portion of 
this embodiment. 

The SiNx/i-type a-Si/n+-type uc-Si layer is formed by a load-lock-type plasma CVD apparatus arranged 
as shown in Rg. 50. In Rg. 50. the detailed mechanism for continuously forming the SiNx/i-type a-Si/n+-type 
uc-Si layer is omitted. The description is omitted except for the chamtier for fonming the i-type a-Si layer 

20 according to the present invention. Refenring to Rg. 50, reference numeral 5300 represents a vacuum 
chamber. 5301 represents a substrate. 5302 represents an anode electrode. 5303 represents a catiiode 
electrode, 5304 represents a substrate heater. 5305 represents a bias-application terminal. 5306 represents 
a matching box, 5307 represents a high firequency power source, 5308 represents an exhaust pump, 5309 
and 5310 represent partition valve between the front and rear chamt>ers. Reference numeral 5320 

25 represents a raw material gas introduction port, 5321. 5322. 5323 and 5324 represent valves and 5325 and 
5326 represent mass-flow controllers. 

The substrate is. as described above, introduced ft-om load chamber 531 1 followed by film forming in 
ttie precedent SiNx film forming chaml>er, and the pressure in the chamber is lowered to 1 x 10~^ Ton^. 
Then, raw material gases SiH4 and Ar are supplied by the mass-flow controllers 5325 and 5326 followed by 

30 maintaining the pressure at 0.5 Tonr. Then, the substrate heater 5304 is operated to maintain the 
temperature of the substrate at 300*0 followed by applying waves having a frequency of 80 MHz by a high 
frequency power source 5307 with electric power of 0.04 W/cm^ so that the i-type a-Si film is formed to 
have a thickness of 6000 A. After the film has been formed, the pressure in the chamber is similarly 
lowered to 1 x 10"^ Torr or lower. Then, the substrate is sifted to the next n+-type uc-Si film fonming 

35 chamber so tiiat the film is fonmed. Then, it is taken out from the next unload chamt)er 5312. 

Thus, the thin film transistor can be manufactured. Although the high frequency discharge using 80 
MHz is employed as the emt)odiment of the present invention, the frequency f can be changed by changing 
the supplied electric power Pw (W/cm^) and the pressure P (Ton-) to make tiie light intensity ratio [HT/[SiHT 
at the light emission spectixim analysis to be a minimum value to apply the optimum substrate bias Vc. The 

40 electric field mobility u of the a-Si tiiin film formed by the conventional f = 13.56 MHz and the substrate 
bias Vb = 0 V is 0.5 cm^A/sec. it can be made to be 1.3 cmWsec when f = 80 MHz and the substrate bias 
Vb = - 8 v/cm according to the present invention is applied. 

Further, an effect of improving the quality of the a-Si thin film is attained in tiie difference in the light 
deterioration shown in Rg. 51. As shown in Rg. 51. a TFT manufactured by using the foregoing f = 80 

45 MHz and Vb = - 8 V/cm was used as an embodiment of the present invention to confirm the effect. Rg. 51 
shows tiie change in tiie photoconductivity attained when the gap portion 500 nm of the TFT is irradiated 
witii 500 1x with respect to the initial stage, where the change is expressed as the function of the irradiation 
time. It can be understood that the light deterioration can considerably be prevented. 

A method may be employed in which a third electrode is provided between the anode electrode and the 

50 catiiode to which positive bias is applied. As a result, a similar effect can be obtained. At this time, tiie 
distance between the electrodes must be made to be the distance from the tiiird electrode to the cathode 
electrode. 

Embodiment 4 

55 

Rg. 52 illustrates a manufacturing apparatus for use in this embodiment, tiie apparatus having the basic 
structure arranged similarly to the conventional parallel-fiat plate-type plasma CVD apparatus. 
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Referring to Rg. 52, reference numeral 5100 represents a vacuum chamber, 5101 represents an anode 
electrode, 5102 represents a substrate, and 5103 represents a catfiode electrode. The anode electrode 
5101 is grounded by 5106. Reference numeral 5104 represents a matching device, and 5105 represents a 
high frequency power source. Reference numeral 5107 represents a gate valve, 5108 represents a turbo 

5 molecular pump, and 5109 represents a rotary pump. Reference numerals 5110 and 5118 represent silane 
gas line valves, 5111 and 5119 represent hydrogen gas line valve, 5112 and 5120 represent phosphine gas 
line valve, 5113 and 5121 represent ammonia gas line valves, and 5114, 5115. 5116 and 5117 represent 
mass-flow meters. By carefully applying and treating the VHF wave, the present invention may be applied 
to a variety of apparatuses such as apparatus of a type for use to manufacture the photosensitive drum, the 

10 internal electrode type, external electrode tyf)e, capacity coupled type, induction coupled type apparatus. 
According to this embodiment, the distance between the electrodes is made to be 4 cm. 

As a result of the foregoing experiments and the consideration, an amorphous silicon including no 
impurity was manufactured by the manufacturing method according to the present invention to evaluate 
solely the formed film. Rg. 53 (a) illustrates the schematic structure of the device. Refening to Rg. 53 (a), 

75 reference numeral 5161 represents a substrate, 5162 represents an intrinsic amorphous silicon layer, 5163 
represents a n+-type microcrystal silicon layer, and 5164 represents an aluminum electrode. 

The foregoing device is manufactured by, first, fastening the glass substrate 5102 to the anode 
electrode in the chamber 5100, and the pressure was exhausted by the exhaust pump 5109 to lower the 
pressure to 10"^ Ton^. The temperature of the substrate was changed from 250 to 400 ^C. The SiHi gas 

20 was allowedloflow by 10 seem, the internal pressure of the chamber was made to be 0.5 Tonr followed by 
maintaining for 30 minutes. Then, the high frequency electric power was supplied and the matching device 
was adjusted to commence discharge followed by discharge for a required time, so that a film was formed. 

The frequency was changed from f = 13.56 MHz to f = 150 MHz to manufacture samples at the high 
frequency electric power of 10 mW/cm^. 

25 Then, an aluminum comb-type electrode was formed by evaporation followed by measuring the dark 
conductivity and the activating energy at the room temperature (25 • C). 

Rg. 54 illustrates the dependency of the photoconductivity of the film upon the applied frequency. The 
temperature of the substrate is set to a level which the density of the defects in the film can be minimized 
at the corresponding frequency. In inverse prop)ortion to the frequency, the initial defective level is lowered, 

30 but the photoconductive is raised. 

With the rise in the applied frequency, ions in the plasma are trapped, which is considered that the 
number of ions made incident upon the substrate and the energies of the same have been reduced as 
described with reference to Rg. 29. Rg. 55 illustrates the change of the photoelectric current due to the 
time lapse (standardized by the initial photoelectric current, where Ip is the photoelectric current and IF* is 

35 the initial photoelectric current). Where a is the film formed at the conventional frequency of 13.56 MHz, b. 
c and d are films formed by at the frequencies raised in this order and the substrate temperatures. It can be 
understood that the deterioration is improved by raising the frequency and the substrate temperature. The 
improvement in the quality of the film can be attained when the frequency is higher than 30 MHz. Therefore, 
a fact was found that the effect of the mechanism according to the present invention can be attained by 

40 using the frequency higher than the foregoing level. The raise of the substrate temperature reduces the 
contents of hydrogen in the film, resulting in the reduction in the weak bonds due to hydrogen. Therefore, it 
can be considered that the generation of defects due to light can be prevented. As described above with 
reference to Rg. 30, the high density radical plasma is realized, thus resulting in prevention of the defect 
generation due to heat at the foregoing temperature. Therefore, a satisfactory low density of the defects can 

45 be realized from the initial stage. 

EmtKMliment 5 

A fifth embodiment in which the amorphous silicon film according to the present invention is employed 
50 to form the i-layer of a thin film transistor will now be described. Rg. 53 (b) illustrates the structure of a 
device. Referring to Rg. 53 (b). reference numeral 5171 represents a substrate. 5172 represents a gate 
electrode, 5173 represents an amorphous silicon nitride layer, 5174 represents a intrinsic amorphous silicon 
layer, 5175 represents a n^-type microcrystal silicon layer, and 5176 represents an aluminum electrode. 
The foregoing device is manufactured by, first, forming an aluminum layer on a glass substrate by a 
55 vacuum evaporation method to have a thickness of 1000 A followed by patterning, thus resulting in a gate 
electrode to be formed. 

Then, the glass substrate 5101 is fastened to the anode electrode in the chamber 5100 followed by 
lowering the pressure to 10"^ Torr by using the exhaust pumps 5108 and 5109. The substrate temperature 
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was set to 350 'C, and the SihU gas was allowed to flow by 3 seem, the H2 gas was allowed to flow by 150 
seem and the nitogen gas was allowed to flow by 60 seem. The Internal pressure of the chambeL^^ 
made to beXJ^ Tdrr followed by maintaining for 30 minutes followed by waiting for the state in which the 
temperature V_jWe substrate is stabled. Then, the high frequency electric power is supplied and the 
matching device was adjusted to commence the discharge for a required time, so that the film was formed. 
At this time, the frequency f was set to 13.56 MHz and the high frequency electric power was set to 30 
mW/cm2. After the discharge has been completed, the gas was discharged and the pressure was lowered to 
10-^ Torr. 

Then, the substrate temperature was maintained at 350 •C. and the SiH* gas was allowed to flow by 10 
seem, the internal pressure of the chamber was set to 0.5 Torr followed by maintaining for 5 minutes to wait 
for the state where the substrate temperature was stabled. Then, a high frequency of 80 MHz was supplied 
with electric power of 10 mW/cm2 and the matching device was adjusted to commence the discharge for a 
required time. As a result, an intrinsic amorphous silicon having a thickness of 5000 A was formed. Then, 
the gas was discharged followed by lowering the pressure to 10"^ Torr. Similarly, samples having different 
i-layers by changing tiie frequency from 30 MHz to 100 MHz were manufactured. 

Then, substrate temperature was set to 250 'C, and the SiH* gas was allowed to flow by 3 seem, and 
the phosphine gas diluted to 100 ppm with tfie H2 gas was allowed to flow by 150 seem. The internal 
pressure of tiie chamber was made to be 0.5 Torr followed by maintaining for 30 minutes followed by 
waiting for the state in which the temperature of the substrate is stabled. Then, a high frequency of 13.56 
MHz was supplied with electric power of 30 mW/cm^ and ttie matching device was adjusted to commence 
the discharge for a required time of 30 minutes. As a result, a n+-type amorphous silicon having a thickness 
of 1500 A was formed. Then, the gas was discharged followed by lowering the pressure to 10"^ Ton-. 

Then, the substrate was ejected from tiie film forming apparatus, and an aluminum layer was formed by 
a vacuum evaporation method to have a thickness of 1 um followed by patteming the aluminum layer. As a 
result, source and drain electrodes were formed. 

Rnally, the foregoing electrodes were used as the mask to remove the n+-type amorphous silicon by 
etching. 

The characteristics of a thin film transistor formed by a typical frequency f = 100 MHz are shown in 
Rg. 56A. where satisfactory characteristics are shown. Referring to Rg. 56B shows data about the 
conventional characteristics. 

Rg. 57 shows the dependency of the shift of tiie threshold voltage Vth upon Vg when the ON-state is 
maintained for 100 hours. Refening to Rg. 57. (a) is data of tiie conventional device. Arthough the shift was 
made toward tfie positive side with time, ttie shift can be considerably improved as designated by (b) of Rg. 
57. In general, the shift of VtH can be considered to be due to two factors. Refening to Rg. 57, region A is 
a region in which the weak bonds in the i-layer adjacent to tiie nitride film are broken during ttie operation. 
the level density distribution in the gap is changed and the shift of Vth occurs. In region B. the earner, that 
is, electrons in this case because an N-channel operation is being performed, are introduced into the 
insulating film and captured by ttie capturing level in ttie film and ttierefore a fixed charge is formed in ttie 
foregoing portion. However, the manufacturing method according to the present invention is able to reduce 
hydrogen in the film and the weak bonds in the i-layer due to hydrogen can be reduced, resulting in tiie fact 
tiiat ttie bonds cannot easily be broken. As a result, the shift of Vth in the region A could be reduced. 
Furthermore, tiie nitride film in ttie formed i-layer could be protected from ttie ion damage, resulting in 
reduction in defects in ttie nitride film. Therefore, the shift of Vtti in tiie region B could be also reduced. The 
dependency of the shift of Vth upon ttie applied frequency is shown in Rg. 58. It can be understood ttiat ttie 
foregoing effect can be attained at about f = 30 MHz. Since ttie i-layer can be formed at the same 
temperature as ttiat set when ttie nitride film has been fonmed after ttie nitride film has been formed, the 
time required to wait for ttie stabilization of ttie temperature can significantty be shortened. A fact has been 
pointed ttiat. if tiie film forming temperatures are excessively different from the nitride film and ttie i-layer. 
ttie difference in the ttiermal stress generated after the temperature has been restored to ttie room 
temperature will deteriorate the characteristics of the interface between tiie nitride film and ttie i-layer. 
However, ttie difference in ttie thermal stress can be eliminated according to tiie present invention, ttius 
resulting in the improvement in the characteristics of the interface. 

Embodiment 6 

A sixth emtxKJiment of tiie present invention will now be descritied. 

According to tiiis embodiment, a manufacturing apparatus basically similar to ttiat shown in Rg. 52 was 
used, and the distance between ttie electrodes was made to be 4 cm. 
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Referring to Fig. 59, reference numeral 5400 represents a vacuum chamber. 5401 represents an anode 
electrode, 5402 represents a substrate, and 5403 represents a cathode electrode. The anode electrode 
5401 is grounded by 5406. Reference numeral 5404 represents a matching device, and 5405 represents a 
high frequency power source. Reference numeral 5407 represents a gate valve, 5408 represents a turbo 

5 molecular pump, and 5409 represents a rotary pump. Reference numerals 5410 and 5420 represent sllane 
gas line valves. 5411 and 5421 represent hydrogen gas line valve, 5412 and 5422 represent phosphine gas 
line valve. 5413 and 5423 represent diborane gas line valves. 5414 and 5424 represent silicon fluoride or 
nitrogen gas line valves, and 5415 to 5419 represent mass-flow meters. By carefully applying and treating 
the VHF wave, the present invention may be applied to a variety of apparatuses such as apparatus of a type 

70 for use to manufacture the photosensitive drum, as well as the parallel-flat plate-type apparatus. 

Rrst. the principle of the manufacturing method according to the present invention will t>e described. 
Fig. 60 illustrates the dependency of the light intensity [Sihf] of the SiH* radicals (414 nm) and the light 
intensity [N*] of the nitrogen radicals upon the high frequency f applied. Rg. 61 shows the dependency of 
the film forming speed R upon the applied high frequency f. Rg. 62 illustrates the dependency of the light 

75 Intensity [SiHT of the SiH* radicals (414 nm) and the light intensity [hT] of the nitrogen radicals upon the 
supplied high frequency electric power Pw- The conditions are set at this time that SiH* is 3 seem, 
hydrogen is 30 seem, nitrogen is 60 seem and the pressure is 0.2 Torr, and the high frequency electric 
power to be supplied is 10 m/cnr>2. in the case shown in Rg. 60. Furthemnore, f = 80 MHz in the ease 
shown in Rg. 62. 

20 As shown in Fig. 60, the rise in the applied frequency f causes the SiH* radicals and nitrogen radicals in 
the plasma to start increasing. However, a maximal value is attained at about from f = 80 MHz followed by 
a tendency of decreasing. Since the rate of the decompositions of the silane gas and the nitrogen gas 
depend upon the electron density ne in the plasma, the SiH* radicals and N* radicals generated due to the 
decomposition also depend upon the electron density ne. Therefore, it can be considered that the electron 

25 density ne in the plasma shows the dependency upon the applied frequency f. and the light intensity of the 
radicals depends upon the frequency as shown in Rg. 60. 

As shown in Rg. 61, also the film forming speed is raised in proportion to the applied frequency f, 
resulting in a maximum value at about f = 100 MHz. However, in a region higher than 100 MHz, the film 
thickness distribution on the substrate becomes excessively, and the polysilane can easily be generated, 

30 resulting in dust which causes pin holes to be formed easily. What is worse, the characteristics of the film 
were unsatisfactory and non-uniform. Therefore, it is preferable that the frequency is from 30 MHz to 100 
MHz to exhibit the effect of the present invention, in general the film forming speed in the silane gas is in 
proportion to [SiHH and the tendency shown in Rg. 61 depends upon the tendency of [SiH*] shown in Rg. 
60. 

35 As shown in Rg. 62, there is a tendency that the enlargement of the cipplied high frequency electric 
power will increase both [SiH*] and [N*]. 

By raising the applied frequency, the film forming speed can be raised. Furthermore, the applied 
electric power can be reduced. The foregoing fact is very effective when a large apparatus is used to form a 
film over a large area. That is, the size of the high frequency power source can be reduced with respect to 

40 the size of the apparatus, thus resulting in the reduction of the cost of the apparatus. In terms of the 
influence upon the characteristics of the film, the fact that the film can be manufactured in a region, in which 
the small electric power is supplied, will reduce the total energy of ions in the plasma. Therefore, the 
surface of the film can be protected from the damage due to the incidental ions. and. accordingly, a film 
having excellent characteristics can be formed. 

45 In terms of preventing the damage caused from ions, the movement of ions in the plasma is paid 
attention. In general, ions in the high frequency plasma are vibrated by the electric field being oscillated by 
the high frequency wave in the plasma. The foregoing state can be expressed by the following equation, 
where A is the amplitude of the oscillating ions: 

50 A^ V/w 

where 

V: the highest speed in one period of the high frequency 
w: the angular frequency of the high frequency: f = 2 ttw 
55 Assuming that a parallel and flat type film forming apparatus is used and the distance between its 
electrodes is d. the following condition must be satisfied: 



d> A 
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Thus, ions in the plasma do not reach the surface of the substrate but move within the plasma. The 
foregoing state is usually called a state where ions are captured or trapped in the plasma. As can be seen 
from the foregoing relational expression, the rise of the applied high frequency enables the state where ions 

5 are trapped to be realized regardless of the size of the apparatus. As a result, the quantity of ions to be 
made incident on the substrate could be reduced, thus resulting in the prevention of the ion damage of the 
surface of the film and inside portion of the film. 

Rg. 29 illustrates the foregoing state. A mass analyzer was set at the position of the substrate and the 
incidental energy of ions flying to the foregoing position and the distribution of the quantities of incidental 

10 ions were obtained. In order to easily perform analysis, data about argon gas was obtained. Also the 
reaction gas according to the present invention basically shows a similar tendency. The conventional 
applied high frequency f = 13.56 MHz and f = 80 MHz according to the present Invention are different 
from each other in the energy and quantity of ions made incident upon the substrate. It is apparent that the 
condition of f = 80 MHz shows a smaller average incidental energy and small quantity of incidental ions. 

75 The foregoing effect is also applied to the chamber wall as well as the substrate. The number and the 
energy of ions colliding with the chamt)er wall can be reduced, thus resulting in reduction of the gas 
removal from the chamber wall while eliminating the necessity of providing a special means for the vacuum 
apparatus. The present invention is Intended to utilize positively the foregoing states. 

As described above with reference to Rg. 7, if the frequency f is high with respect to a certain distance 

20 d between electrodes, the distribution becomes large, resulting in a problem to arise when a large area film 
is formed. Accordingly, the inventors of the present invention have modified a variety of film forming 
parameters, resulting in a fact to be found that the distance between the electrodes affects the film 
thickness distribution. Furthermore, a fact was found that lengthening of the distance between the 
electrodes will reduce the film thickness distribution. The relationship between them was obtained under 

25 condition that the film thickness distribution T (%) in the film is included in 10 % under a variety of the 
conditions according to the present invention, resulting in that the distribution is too large to be employed 
when d - 2 cm. When d is larger than 3 cm. a substantially excellent distribution can be obtained if d 
meets the relationship f/d < 30. 

As a result of the experiments and the consideration, the amorphous silicon nitride was formed by using 

30 a mixture gas of silane gas, hydrogen gas and nitrogen gas. 

As shown In Rg. 59. the glass substrate 5402 is fastened to an anode electrode 401 in the chamber 
5400 followed by lowering the pressure to 10"^ Torr by using the exhaust pump 5409. The substrate 
temperature was set to 350 C, and the SiH^ gas was allowed to flow by 3 seem, the Ha gas was allowed to 
flow by 30 seem and the nitrogen gas was allowed to flow by 60 seem. The internal pressure of the 

35 chamber was made to be 0.2 Torr followed by maintaining for 30 minutes. Then, the high frequency electric 
power is supplied and the matching device was adjusted to commence the discharge for a required time, so 
that the film was formed. 

At this time, the frequency f was set to 13.56 MHz and f = 80 MHz. The high frequency electric power 
was set to 30 mW/cm^ at f - 13.56 MHz, and 2 mW/cm^ at f = 80 MHz. In order to compare the 
40 characteristies of the films, the same film forming speed of 1 A/see was employed. 

An aluminum comb-type electrode was formed on the film by evaporation, and the resistance ratio was 
measured at the room temperature (25 -C). Also the optical band gap Egopt was formed by the forgoing 
samples. The quantity of impurities in the film was measured by a secondary-ion mass analyzer. 

Table 1 shows the resistance ratio of the film and the optical band gap Egopt formed under the foregoing 
45 conditions. The oxygen content and the hydrogen content In the film and the spin density In the film are 
shown. 



50 



55 
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Table 1 





Resistance 
ratio p (Qcm) 


Optical band 
gap Egopt (eV) 


Spin density 
Nss (cm~^) 


Content of 
oxygen (atom%) 


Content of 
hydrogen (atom%) 


sample 1 


2x10^^ 


5.1 


6x10^^ 


0.1 


17 


sample 2 


3x10^^ 


5.0 


1 xlO^^ 


0.05 


14 


comparative sample 


5x10^* 


5.2 


5x10^^ 


1.0 


25 



By raising the applied frequency f, ions in the plasma are in a state where ions are trapped, causing the flux 
of ions made incident upon the surface of the substrate and the chamber wall to be decreased. The 
impurities in the film can be assuredly reduced because they are not ejected from the chamber wall. The 
spin density in the film was realized due to the reduction in the impurities in the film and prevention of the 
ion damage of the formed film. The reason why the resistance ratio is further raised is that the 
unconformability of t)onds such as Si-Si and Si-N can be improved due to the prevention of the ion damage. 

Then, the amorphous silicon nitride film formed under the foregoing conditions was used to serve as the 
gate insulating film of a thin film transistor to be evaluated. Rg. 63 illustrates the structure of the device. 

Rrst. an aluminum layer was formed on a glass substrate 6131 by a vacuum evaporation method to 
have a thickness of 1000A followed by patleming, thus resulting in a gate electrode 6132 to be formed. 

Then, the glass substrate 6131 was fastened to the anode electrode in the chamber 5400 shown in Rg. 
59 followed by lowering the pressure to 10"^ Torr by using the exhaust pumps 5408 and 5409. The 
substrate temperature was set to 350 • C, and the SihU gas was allowed to flow by 3 seem, the H2 gas was 
allowed to flow by 30 seem and the nitrogen gas was allowed to flow by 60 seem. The internal pressure of 
the chamber was made to be 0.2 Torr followed by maintaining for 30 minutes followed by waiting for the 
state in which the temperature of the substrate is stabled. Then, the high frequency electric power was 
supplied and the matching device was adjusted to commence the discharge for a required time, so that the 
film was formed. At this time, the frequency f was set to several values relative to f = 80 MHz. The high 
frequency electric power was so set as to make the film forming speed of 10 A/sec. After the discharge has 
been completed, the gas was discharged and the pressure was lowered to 10"^ Torr. 

Then, the substrate temperature was maintained at 250 •C. and the SihU gas was allowed to flow by 3 
seem, the hfe gas was allowed to flow by 30 seem, and the internal pressure of the chamber was set to 0.5 
Torr followed by maintaining for 30 minutes to wait for the state where the substrate temperature was 
stabled. Then, a high frequency of 13.56 MHz was supplied with electric power of 10 mW/cm^ and the 
matching device was adjusted to commence the discharge for a required time of 3.5 hours. As a result, an 
intrinsic amorphous silicon 6134 having a thickness of 5000 A was formed. Then, the gas was discharged 
followed by lowering the pressure to 10"^ Torr. 

Then, substrate temperature was set to 250 "C, and the SiH* gas was allowed to flow by 3 seem, and 
the phosphine gas diluted to 100 ppm with the H2 gas. was allowed to flow by 150 seem. The internal 
pressure of the chamber was made to be 0.5 Tonr followed by maintaining for 30 minutes followed by 
waiting for the state in which the temperature of the substrate is stabled. Then, a high frequency of 13.56 
MHz was supplied with electric power of 30 mW/cm^ and the matching device was adjusted to commence 
the discharge for a required time of 30 minutes. As a result, a n+-type amorphous silicon 6135 having a 
thickness of 1500 A was fonned. Then, the gas was discharged followed by lowering the pressure to 10~^ 
Torr. 

Then, the substrate was ejected from the film forming apparatus, and an aluminum layer 6136 was 
formed by a vacuum evaporation method to have a thickness of 1 um followed by patterning the aluminum 
layer. As a result, source and drain electrode 6136 was formed. Rnally, the foregoing electrode was used as 
a mask to remove the n*-type amorphous silicon 6135 by etching. 

TTie characteristics of a thin film transistor formed by using a typical frequency f = 80 MHz are shown 
in Rg. 64A. where satisfactory characteristics are shown, (b) of Rg. 65 shows the shift of the threshold 
voltage Vth when the ON-state is maintained for 100 hours. Referring to Rg.65. (a) is data of the 
conventional device. Although the shift was made toward the positive side with time, the shift can be 
considerably improved according to this embodiment. In general, the shift of Vth can be considered to be 
due the fact the carrier, that is. electrons in this case because an N-channel operation is being performed, 
are introduced into the insulating film and captured by the capturing level in the film and therefore a fixed 
charge is formed in the foregoing portion. However, the manufacturing method according to the present 
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considered that the defects in the film were reduced and the characteristics are improved. The dependency 
of the shift of Vth upon the applied frequency is shown in (a) of Rg. 66. It can be understood that the 
foregoing effect can be attained at about f = 30 MHz. 

The amorphous silicon silicon nitride film formed under the same conditions was used to serve as a 

5 passivation film for a thin film transistor followed by evaluation. However, the undesirable Influence of the 
temperature of the substrate upon the thin film transistor was prevented by setting It to 250 *C. Rg. 67 
shows the structure of the device. 

Rrst, an aluminum layer was formed on a glass substrate 6141 by a vacuum evaporation method to 
have a thickness of 1000A followed by patteming, thus resulting In a gate electrode 6142 to be formed. 

10 Then, the glass substrate 6141 was fastened to the anode electrode in the chamber 400 shown in Rg. 
59 followed by lowering the pressure to 10~* Torr by using the exhaust pumps 5408 and 5409. The 
substrate temp)erature was set to 250*0, and the SiH* gas was allowed to flow by 3 seem, the H2 gas was 
allowed to flow by 30 seem and the nitrogen gas was allowed to flow by 60 seem. The intemal pressure of 
the chamber was made to be 0.5 Torr followed by maintaining for 30 minutes followed by waiting for the 

75 state in which the temperature of the substrate is stabled. Then, the high frequency electric power was 
supplied and the matching device was adjusted to commence the discharge for a required time, so that the 
gate insulating film 6143 was formed. At this time, the frequency f was set to f - 13.56 MHz. and the high 
frequency electric power was so set to 30 mW/cm^. After the discharge has been completed, the gas was 
discharged and the pressure was lowered to 10~^ Torr. 

20 Then, the substrate temperature was set to 250 ^C, and the SiH^ gas was allowed to flow by 3 seem, 
the H2 gas was allowed to flow by 30 seem, and the internal pressure of the chamt>er was set to 0.5 Tonr 
followed by maintaining for 30 minutes to wait for the state where the substrate temperature was stabled. 
Then, the usual high frequency of 13.56 MHz was supplied with electric power of 10 mW/cm^ and the 
matching device was adjusted to commence the discharge for a required time of 3.5 hours. As a result, an 

25 Intrinsic amorphous silicon 6144 having a thickness of 5000 A was formed. Then, the gas was discharged 
followed by lowering the pressure to 10"^ Torr. 

Then, substrate temperature was set to 250 ^C. and the SIH4 gas was allowed to flow by 3 seem, and 
the phosphlne gas diluted to 100 ppm with the H2 gas was allowed to flow by 150 seem. The Intemal 
pressure of the chamber was made to be 0.5 Torr followed by maintaining for 30 minutes followed by 

30 waiting for the state In which the temperature of the substrate is stabled. Then, the usual high frequency of 
13.56 MHz was supplied with electric power of 30 mW/cm^ and the matching device was adjusted to 
commence the discharge for a required time of 30 minutes. As a result, a n^-type amorphous silicon 6145 
having a thickness of 1500 A was formed. Then, the gas was discharged followed by lowering the pressure 
to 10-^ Tonr. 

35 Then, the substrate was ejected from the film forming apparatus, and an aluminum layer 6146 was 
formed by a vacuum evaporation method to have a thickness of 1 um followed by patteming the aluminum 
layer. As a result, source and drain electrode 6146 was formed. 

Rnally, the foregoing electrode was used as a mask to remove the n+-type amorphous silicon 6145 was 
by etching. The foregoing process is the same as the foregoing process for manufacturing the thin film 

40 transistor. 

Then, a passivation film 6147 was deposited as the foregoing substrate by the manufacturing method 
according to the present invention. Rrst. the substrate was again fastened to the anode electrode in the 
chamber 5400, and then the pressure was lowered to 10"^ Torr by using the exhaust pumps 5408 and 
5409. The substrate temperature was set to 200 • C. and the SiH4 gas was allowed to flow by 3 seem, the 

45 H2 gas was allowed to flow by 30 seem and the nitrogen gas was allowed to flow by 60 seem. The Internal 
pressure of the chamber was made to be 0.2 Torr followed by maintaining for 30 minutes followed by 
waiting for the state in which the temperature of the substrate is stabled. Then, the high frequency electric 
power was supplied and the matching device was adjusted to commence the discharge for a required time, 
so that the film was formed. At this time, the frequency f was set to several values relative to f = 80 MHz. 

50 so that a plurality of samples were manufactured. After the discharge has been completed, the gas was 
discharged and the pressure was lowered to 10~^ Torr. 

Then, the substrate temperature was maintained at 250 • C, and the SiH4 gas was allowed to flow by 3 
seem, the H2 gas was allowed to flow by 30 seem, and the intemal pressure of the chamber was set to 0.5 
Torr followed by maintaining for 30 minutes to wait for tiie state where the substrate temperature was 

55 stabled. Then, a high frequency of 13.56 MHz was supplied with electric power of 10 mW/cm^ and the 
matching device was adjusted to commence the discharge for a required time of 3.5 hours. As a result, an 
intrinsic amorphous silicon 6134 having a thickness of 5000 A was formed. Then, the gas was discharged 
followed by lowering the pressure to 10"^ Torr. As comparative examples, samples formed by forming a 
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passivation film formed by using the frequency of f = 13.56 MHz and the high frequency electric power of 
30 mW/cm^ to the simitar thin film transistor was evaluated. The characteristics attained from the structure 
having the passivation film formed by using a typical frequency f = 80 MHz are shown in (c) of Rg. 68. (b) 
of Fig. 68 shows the result of the samples manufactured by a method according to the comparative sample. 

5 (a) of Rg. 68 shows the initial characteristics attained without the passivation film. The threshold voltage of 
the comparative sample was shifted to the positive side due to the passivation film attached because of the 
ion damage in the plasma. However, the passivation film according to the present invention reduced the 
shift considerably. The dependency of the shift of Vth upon the applied frequency is shown in (e) of Rg. 66. 
It can be understood that the foregoing effect can be attained at about f = 30 MHz. As a result of the 

10 experiment, it can be considered that the ions made incident upon the substrate can be reduced by raising 
the frequency at about f = 30 MHz, and the ion damage at the time of forming the film can be reduced. 

Embodiment 7 

75 A seventh embodiment of the present invention will now be described. 

A mixture gas of silicon fluoride, hydrogen gas and nitrogen gas was used to manufacture an 
amorphous silicon nitride film by the manufacturing method according to the present invention. 

Rrst. the state of the plasma at this time will be described. Rg, 69 illustrates dependency of the light 
intensity of the SiP radicals upon the frequency. It can be understood that the rise of the applied frequency 

20 raises the light intensity. The reason for this can be considered that the electron density in the plasma 
becomes larger and the decomposition efficient has been raised similarly to the silane gas. Rg. 70 
illustrates dependency of light intensity of the SiP radicals upon the supplied electric power. The rise in the 
supplied electric power will raise the light intensity. In this embodiment the applied frequency was varied 
from 13.56 MHz to 150 MHz. 

25 Samples were manufactured under the conditions showing the foregoing plasma state. A glass substrate 
was fastened to an anode electrode in the chamber shown in Rg. 59 followed by lowering the pressure to 
10~^ Torr by using the exhaust pumps 408 and 409. The substrate temperature was set to 350 'C, and 
valves 414 and 424 were opened to flow silicon fluoride gas by 3 seem, valves 411 and 421 were opened to 
flow H2 gas by 40 seem and to flow nitrogen gas by 120 seem followed by maintaining for 30 minutes. 

30 Then, the high frequency electric power was supplied and the matching device was adjusted to commence 
the plasma discharge, so that the film was formed. 

(b) of Rg. 61 shows the dependency of the film forming speed R upon the applied frequency f. As can 
be seen from the foregoing plasma emission, the gas could be sufficiently decomposed by raising the 
applied frequency, so that a higher film forming speed than the conventional speed could be realized. 

35 The film thus manufactured was used to serve as the gate insulating film for a thin film transistor to be 
evaluated. The sole film characteristics attained are shown in Table 1. Since the process for manufacturing 
the device is the same as the process according to Embodiment 1, its description is omitted here. The 
characteristics of the device having the silicon nitride film formed at f = 80 MHz are shown in (b) of Rg. 64. 
(c) of Rg. 65 shows the change in the threshold voltage Vth taken place when ON-operation is maintained 

40 for 100 hours, (c) of Rg. 71 shows the change in the threshold voltage Vth taken place when a heat 
treatment is performed. Data afc>out the conventional device is shown in the drawing. The similar basic 
characteristics were to those of the conventional device were obtained. The shift of Vth due to the ON- 
operation was reduced. The reason for this can be considered that the impurities in the film were reduced, 
and defects due to this and defects due to the plasma damage at the time of forming the film were 

45 prevented. Furthermore, the carrier capture level was lowered and electron trapped by the level could be 
decreased. In the device according to this emt)odiment, hydrogen in the film is restricted, causing the 
diffusion of hydrogen due to heat to be prevented. Therefore, the negative directional shift of Vth due to the 
heat treatment could be prevented. The dependency of the shift of Vth upon the applied frequency due to 
the ON operation is shown in (b) of Rg. 66. The dependency of the shift of Vth upon the applied frequency 

50 due to heat is shown in (d) of Rg. 66. It can be understood that the foregoing effect can be attained at 
about f = 30 MHz. As a result of the experiments, it can be considered that ions made incident upon the 
substrate could be decreased by raising the applied frequency at about f - 30 MHz and the ion damage at 
the time of forming the film was prevented. 
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Embodiment 8 



The distance between electrodes which is the premise of the present invention will now be described. 
As described with reference to Rg. 7, if the frequency is high with respect to a certain distance d 
5 between electrodes, the film thickness distribution becomes large, resulting in a problem to arise when a 
large area film is formed. Accordingly, the inventors of the present invention have modified a variety of film 
forming parameters, resulting in a fact to be found that the distance between the electrodes affects the film 
thickness distribution. Furthermore, a fact was found that lengthening of the distance between the 
electrodes will reduce the film thickness distribution. The relationship between them was obtained under 
10 condition that the film thickness distribution T (%) in the film is included in 10 % under a variety of the 
conditions according to the present invention, resulting in that the distribution is too large to be employed 
when d = 2 cm. When d is larger than 3 cm, a substantially excellent distribution can be obtained if d 
meets the relationship f/d (cm) < 30. 

As shown in Rg. 8 which illustrates the relationship between the distance between the electrodes and 
75 the density of defective level in the film under a variety of conditions. It can be found that the density of the 
defects gradually decreases If the distance between the electrodes is 4 cm or longer. If the distance 
between electrodes is shorter than 4 cm, the defects rapidly increase. It is understood that the preferred 
distance between the electrodes is 4 cm or longer. Accordingly, the investigation was made in such a 
manner that the distance between the electrodes is 4 cm. 
20 Rg. 72 illustrates the manufacturing apparatus for use in this embodiment, the apparatus having the 
same basic structure as the conventional parallel flat plate type plasma CVD apparatus. 

As shown in Rg. 72. reference numeral 7500 represents a vacuum chamber, 7501 represents an anode 
electrode, 7502 represents a substrate, and 7503 represents a cathode electrode. The anode electrode 
7501 is grounded. Reference numeral 7504 represents a matching device, and 7505 represents a high 
25 frequency power source, 7507 represents a gate valve. 7508 represents a turix) molecule pump, and 7509 
represents a rotary pump. 

Rrst, a SiH+-NH3 mixture gas was diluted by Ha if necessary before it is introduced into the vacuum 
chamber 7500. In this embodiment, 10 seem of Sim, 200 seem of NH3 and 100 seem of H2 were 
introduced by using corresponding mass-flow controllers 7515. 7516 and 7517. and then the pressure was 

30 maintained at 0.2 Torr. The frequency f of the high frequency power source was varied from 13.56 MHz to 
150 MHz. At this time, the electric power is sufficient to be applied by 10 mW/cm^, however, it was made to 
be 30 mW/cm^ considering the distribution and the like. 

The relationship between the power source frequency f and the film forming speed DR is shown in Rg. 
73, wherein the relationship realized when the substrate temperautere Ts- 350 ''C is shown. Although the 

35 film forming speed does not depend upon the substrate temperature, it has a peak with respect to the 
frequency. The reason for this is estimated that the rise in the discharge frequency enhances the 
decomposition of the raw material gas, causing the film forming speed to be temporarily raised. If the 
frequency is further raised, the film forming speed is lowered due to the excess decomposition of the raw 
material gas and the precursor. The power source firequency f and the hydrogen content Ch in the film at 

40 each film forming temperature is shown in Rg. 74. The relationships between the hydrogen content and the 
stress at substrate temperatures 350 "C, 250 and 150"C are shown in Rgs. 75, 76 and 77. As can be 
seen from Rgs. 75. 76 and 77, the somewhat compressive stress (specifically, the optimum value according 
to this embodiment is from 1 x 10^ dyn/cm^ to 4 x 10^ dyn/cm^) can be realized by making the frequency 
of the high frequency power source to be from 30 MHz to 120 MHz when the substrate temperature is from 

45 250 • C to 350 • C at which the conventional excellent quality film can be formed. 

The relationship between the firequency and tiie spin density in the film is shown in Rg. 78. Rg. 78 
shows the dependency upon the frequency at the substrate temperature of 350 "C. If the temperature is 
higher than 150 "C, a simitar tendency was shown. That is, in a low frequency region in which the frequency 
f is lower than 30 MHz, damages due to ions incident upon the substrate are critical, resulting in a defective 

50 film to formed. It can be considered from the Rg. 29 which illustrates a result obtained in such a manner 
that a mass analyzer was set at the position of the substrate and the incidental energy of ions flying to the 
foregoing position and the distribution of the quantities of incidental ions were obtained. In order to easily 
perform analysis, data about argon gas was obtained. As can be understood, high energy component is 
incident on tiie substrate when an RF discharge is performed by using 13.56 MHz. Also the quality of the 

55 film deteriorates in a region in which the frequency f is higher than 120 MHz. The reason for this is 
estimated that the shift to the higher frequency discharge decomposes excessively the raw material gas and 
tiie precursor. The foregoing region arises a problem of the thickness and the distribution of the quality of 

4ilrv* ««rl^Ar^ film io ft^wm^ri +rt Krsi»<?» *i lr>K<^/^ 
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As a result, if the frequency is from 30 MHz to 120 MHz. an excellent SiNx thin film can be 
manufactured while shifting the stress to somewhat compression side, maintaining the N/Si ratio, the optical 
band gap, the spin density, exhibiting high quality and excellent manufacturing facility. 

Then, an embodiment of a field-effect-type transistor using the SiNx thin film manufactured by the 
5 foregoing film forming method will now be described. 

Rg. 79 is a cross sectional view which illustrates an inversed-stagger-type TFT. The TFT was 
manufactured by the apparatus shown in Rg. 81 and has the basic structure as that of the apparatus shown 
in Rg. 72. 

A gate electrode 732 is formed on an insulating substrate 731. Furthermore, an insulating layer 733 and 
70 a semiconductor layer 734 are formed on the gate electrode 732. The semiconductor layer 734 has a 
source and drain electrode 736 while interposing an ohmic contact layer 735 thereon. Furthermore, a 
protection layer 737 is formed for protection. Then, a method of manufacturing the TFT will now be 
described with reference Rgs. 80 (a) to 80 (d). 

Rrst, a Cr thin film (about 1.000 A) is. as shown in Rg. 80 (a), on the 7059-glass substrate 731 
75 manufactured by Coning by a sputtering apparatus followed by patterning, thus resulting in a gate electrode 
732 to be formed. 

Then, a plasma CVD apparatus is used to form a silicon nitride thin film SiNx (about 3.000 A) to form a 
gate insulating layer 743. Then, a non-doped amorphous silicon and an i-type a-Si thin film (about 6.000 A) 
to serve as a semiconductor layer 734. and phosphorus-doped microcrystal silicon and n^-type uc-Si (about 
20 1000 A) thin films to serve as an ohmic contact layer 735 are sequentially formed by the same apparatus. 

Then, as shown Rg. 80 (b). an AI thin film (about 1 um) was formed by a sputtering apparatus followed 
by patterning, so that a source and drain electrode 736 is formed. The channel width and the channel length 
L were made to be W/L = 100. 

Then, as shown in Rg. 80 (c). unnecessary portions of the n+-type uc-Si layer are etched by reactive 
25 ion etching so that a gap portion 738 is formed. 

Then, as shown In Rg. 80 (d). unnecessary portions of the SiNx/i-type a-Si/n+-type uc-Si layer were 
isolated, and then the protection layer 737 was deposited, so that a thin film transistor as shown in Rg. 79 
was manufactured. 

A method of manufacturing the SiNx thin film, which is the essential portion of the present invention, will 
30 now be described. 

As described above, the a-Si thin film is formed by the parallel flat plate type plasma CVD apparatus 
arranged as shown in Rg. 81. Rg. 81 illustrates a film forming chamber for fonning the SiNx thin film, where 
a mechanism for successively forming the SiNx/i-type a-Si/n+-type uc-Si layer and the other film forming 
chambers are omitted from illustration. Refenring to Rg. 81 , reference numeral 8600 represents a vacuum 

35 chamber. 8601 represents a substrate. 8602 represents an anode electrode. 8603 represents a cathode 
electrode. 8604 represents a substrate heater, 8605 represents a terminal for earth, 8606 represents a 
matching box. 8607 represents a high frequency power source. 8608 represents an exhaust port, 8609 
represents an exhaust pump. 8610 represents a raw material gas introduction port. 8620, 8630. 8640, 8622. 
8632. and 8642 represent valves, and 8621. 8631 and 8641 represent mass-flow controllers. 

40 The substrate is introduced from the precedent load chamber (omitted from illustration) in which sub- 
heating is performed, and the pressure in the chamber is lowered to 1 x 10~^ Tonr. Then, raw material 
gases Sim, NH3 and H2 were supplied by 10. 200 and 100 seem by the mass flow controllers 8621, 8631 
and 8641 followed by maintaining the pressure at 0.2 Torr or lower. Then, the substrate heater 604 is 
operated to maintain the temperature of the substrate at 350 'C followed by applying waves having a 

45 frequency of 80 MHz by a high frequency power source 8607 with electric power of 30 mW/cm^ so that the 
SiNx film is formed to have a thickness of 3000 A. After the film has been fonmed. the pressure in the 
chamber is similarly lowered to 1 x 10"^ Torr or lower. Then, the substrate is sifted to the next i-type a-Si 
film forming chamber. 

Thus, the thin film transistor can be manufactured. The high frequency discharge using 80 MHz is 
50 employed as the embodiment of the present invention. The electric field mobility u (cm^/Vsec) of the TFT 
using the SiNx thin film formed at each frequency f with respect to the stress of the thin film are collectively 
shown in Rg. 82. The electric field mobility u can be improved extremely when the frequency f is 80 MHz, 
resulting in an improvement which is the twice the conventional value. The electric field mobility of NH3 and 
N2 of the SiNx thin film manufactured by the conventional RF plasma CVD method using 13.56 MHz are 
55 expressed by black plots O and A. 

That is, the electric field mobility can be improved when the frequency is from 30 MHz to 120 MHz. 
preferably from 50 MHz to 100 MHz. 
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The stability of the TFTs respectively manufactured at the conventional frequency of 13.56 MHz and 80 
MHz was subjected to a comparison. Rg. 83 shows the change in the threshold voltage taken place when 
ON-state is maintained for 100 hours. An improvement in the reliability can be confirmed. 

5 Embodiment 9 

Rg. 84 illustrates the manufacturing apparatus according to this embodiment, and having the basic 
structure which is the same as the conventional parallel flat type plasma CVD apparatus. 

In this embodiment, manufacturing of microcrystal silicon among non-single crystal silicon will be 
10 described. 

The microcrystal means a silicon film having a structure containing crystalline particles in the film 
thereof while including polysilicon (polycrystal). 

Refemng to the drawing, reference numeral 8700 represents a vacuum chamber. 8701 represents an 
anode electrode, 8702 represents a substrate, and 8703 represents a cathode electrode. The anode 

75 electrode 8701 is grounded by 8706. Reference numeral 8704 represents a matching device, and 8705 
represents a high frequency power source. Reference numeral 8707 represents a gate valve, 8708 
represents a turbo molecular pump, and 8709 represents a rotary pump. Reference numerals 8710 and 
8718 represent silane gas line valves, 8711 and 8719 represent hydrogen gas line valve. 8712 and 8720 
represent phosphine gas line valve. 5113 and 5121 represent ammonia gas line valves, and 8713 and 8721 

20 represent diborone gas line valves. Reference numerals 8714 to 8717 represent mass-flow meters. 

By carefully applying and treating the VHF wave, the present invention may be applied to a variety of 
apparatuses such as apparatus of a type for use to manufacture the photosensitive drum as well as the 
parallel and flat plate type apparatus. 

The principle of the manufacturing method according to this embodiment will now be described. Rg. 85 

25 shows the dependency of the light intensity [SiHT of the SiH* radicals (414 nm) and the light intensity [HI of 
the hydrogen radicals upon the high frequency f applied. Rg. 86 shows the dependency of the film forming 
speed R upon the applied high frequency f. Rgs. 87 and 88 shows the dependency of the light intensity 
[SiHT of the SiH* radicals and the light intensity [NT of the hydrogen radicals upon the applied high 
frequency electric power Pw. The conditions are set at this time that the flow rate of SiH* is 3 seem, that of 

30 hydrogen is 150 seem and the pressure is 0.5 Torr. 

As shown in Rg. 85. the rise in the applied frequency f causes the SiH* radicals and H* radicals in the 
plasma to start increasing at about f = 30 MHz. However, a maximal value is attained at about f = 80 MHz 
followed by a tendency of decreasing. It rapidly decreases when the frequency is higher than 120 MHz. 
Since the rate of the decompositions of the silane gas and the hydrogen gas depend upon the electron 

35 density ne in the plasma, the SiH* radicals and H* radicals generated due to the decomposition also depend 
upon the electron density ng. Therefore, it can be considered that the electron density ne in the plasma 
shows the dependency upon the applied high frequency f, and the light intensity of the radicals depends as 
shown in Rg. 85. 

As shown in Rg. 86. also the film forming speed R starts increases in proportion to the applied 
40 frequency f. resulting in the maximal value at about f = 80 MHz. However, in a region higher than 100 MHz. 
the film thickness distribution on the substrate becomes excessively, and the polysilane can easily be 
generated, resulting in dust which causes pin holes to be formed easily. What is worse, the characteristics 
of the film were unsatisfactory and non-uniform. Therefore, it is preferable that the frequency is from 30 
MHz to 100 MHz to exhibit the effect of the present invention. In general the film forming speed in the 
45 silane gas is in proportion to [SiHT and the tendency shown in Rg. 86 depends upon the tendency of [SiH*] 
shown in Rg. 85. 

As shown in Rgs. 87 and 88. there is a tendency of increasing both [SiH*] and [H*] when the applied 
high frequency electric power is enlarged, where [H*] more depends upon it as compared with [SiH*]. 

In general, microcrystal silicon can be manufactured under some conditions: first. [H*] in the plasma and 
50 the film forming speed R must hold a relationship [H*]/R > a (a is a constant). It means a fact that the 
crystallization cannot easily occur if hydrogen covers the surface of the formed film by a quantity larger 
than a predetermined quantity. Since the film forming speed R is in proportion to [SiH*] in a plasma using 
the silane gas, the foregoing condition may be rewritten as [H*]/[SiH*] > a'. The conditions according to the 
present invention, the value of a' was 1. The foregoing ratio is established by raising the dilution ratio of the 
55 hydrogen gas in an ordinary system. 

However, it leads to a fact that the divided pressure of the silane gas is lowered, resulting in an 
excessive reduction in the film forming speed. Accordingly, the applied frequency is raised in the present 
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speed reduction. A higher film forming speed can be realized, and therefore the time required to compete 
forming of the film can be shortened. The foregoing fact is a first effect of the present invention. 

When point P at which [HT/[Sihn = 1 shown in Rgs. 87 and 88 is paid attention, the point P is shifted 
to the left upper portion in proportion to the rise in the applied frequency f. The applied electric power and 
5 the applied frequency f at the foregoing point are changed while substantially holding a relationship Pw = 
k/f (Pw: W/cm2. f: MHz). Also points, at which [HT/[Sihr| = a' is met. are similarly changed, that is. a ratio 
[HT/[Sil-r] larger than a certain ratio can be realized at a certain frequency f by changing the applied high 
frequency electric power. 

The aforesaid condition was obtained, resulting in a region designated by diagonal lines of Fig. 89 
70 where a portion, the lower limit of which is a curve k = 1, preferable, k = 10 which is somewhat deviated 
from the boundary region. The aforesaid fact is a second effect of the present invention. That is, the rise of 
the applied frequency will enable a desired film at a wider frequency range while maintaining the conditions 
required to manufacture the microcrystal silicon. The aforesaid fact is very effective when a large area film 
is formed. That is. the size of the high frequency power source can be reduced with respect to the size of 
75 the apparatus, thus resulting in the reduction of the cost of the apparatus. In terms of the influence upon the 
characteristics of the film, the fact that the film can be manufactured in a region, in which the small electric 
power is supplied, will reduce the total energy of ions in the plasma. Therefore, the surface of the film can 
be protected from the damage due to the incidental ions, and. accordingly, a film having excellent 
characteristics can be formed. 
20 In terms of preventing the damage caused from ions, the movement of ions in the plasma is paid 
attention. In general, ions in the high frequency plasma are vibrated by the electric field being oscillated by 
the high frequency wave in the plasma. The foregoing state can t)e expressed by the following equation, 
where A is the amplitude of the oscillating ions: 

25 A s== V/w 

where 

V: the highest speed in one period of the high frequency 
w: the angular frequency of the high frequency: f = 2 ttw 
30 Assuming that a parallel and flat type film forming apparatus is used and the distance t)etween its 
electrodes is d. the following condition must be satisfied: 

d> A 

35 Thus, ions in the plasma do not reach the surface of the substrate but move within the plasma. The 
foregoing state is usually called a state where ions are captured or trapped in the plasma. As can be seen 
from the foregoing relational expression, the rise of the applied high frequency enables the state where ions 
are trapped to be realized regardless of the size of the apparatus. As a result, the quantity of ions to be 
made incident on the substrate could be reduced, thus resulting in the prevention of the ion damage of the 

40 surface of the film and inside portion of the film. Furthermore, it is considered that ions influences 
undesirably the process of forming the microcrystal. Therefore, it is effective to form efficiently excellent 
microcrystal as well as the effect of simply preventing the ion damage. The present invention is intended to 
positively utilize the aforesaid state. 

As described above. Rg. 29 illustrates the foregoing state. A mass analyzer was set at the position of 

45 the substrate and the incidental energy of ions flying to the foregoing position and the distribution of the 
quantities of incidental ions were obtained. In order to easily perfonm analysis, data about argon gas was 
obtained. Also the reaction gas according to the present invention basically shows a similar tendency. The 
conventional applied high frequency f = 13.56 MHz and f = 80 MHz according to the present invention are 
different from each other in the energy and quantity of ions made incident upon the substrate. It is apparent 

50 that the condition of f = 100 MHz shows a smaller average incidental energy and small quantity of 
incidental ions. 

As shown in Rg. 7. if the frequency f is high with respect to a certain distance d between electrodes, 
the distribution becomes large, resulting in a problem to arise when a large area film is fonmed. Accordingly, 
the inventors of the present invention have modified a variety of film forming parameters, resulting in a fact 
55 to be found that the distance between the electrodes affects the film thickness distribution. Furthermore, a 
fact was found that lengthening of the distance between the electrodes will reduce the film thickness 
distribution. The relationship tjetween them was obtained under condition that the film thickness distribution 




EP 0 562 623 A2 



resulting in that the distribution is too large to be employed when d = 2 cm. When d is larger than 3 cm. a 

substantially excellent distribution can be obtained if d meets the relationship f/d < 30. 

Rg. 8 illustrates the relationship between the distance between the electrodes and the density of 

defective level in the film under a variety of conditions. It can be found that the density of the defects 
5 gradually decreases if the distance between the electrodes is 4 cm or longer. Furthermore, it rapidly 

increases if the distance is shorter than 4 cm. It is therefore understood that the prefenred distance between 

the electrodes is 4 cm or longer. Accordingly, the investigation was made in such a manner that the 

distance between the electrodes is 4 cm. 

On the basis of the foregoing results of experiments and consideration, microcrystal silicon was 
10 manufactured which did not contain impurities by the manufacturing method according to the present 

invention. 

The glass substrate 8702 was fastened to the anode electrode in the chamber 8700 followed by 
lowering the pressure to 10"^ Torr by using the exhaust pump 8709. The substrate temperature was set to 
250 • C. and the Sil-U gas was allowed to flow by 3 seem, and the H2 gas was allowed to flow by 150 seem. 

75 The internal pressure of the chamber was made to be 0.5 Tonr followed by maintaining for 30 minutes. 
Then, the high frequency electric power was supplied and the matching device was adjusted to commence 
the discharge for a required time, so that the film was formed. 

At this time, the frequency f was set to several values between f = 13.56 MHz and f = 150 MHz to 
manufacture samples. The high frequency electric power was so set to 7 mW/cm^ to 0.1 W/cm^. 

20 The erystallinity was evaluated by an X-ray analysis, resulting in all samples encountered crystallization. 
A comb-type aluminum electrode was formed on the foregoing film by evaporation and the dark conductiv- 
ity and the activating energy were measured at the room temperature (25 "C). Also the optical band gaps 
Egopt were manufactured by using the foregoing samples. 

The solid line (a) of Fig. 90 denotes the dependency of the dark conductivity of the film manufactured 

25 as described above upon the applied frequency, (a) of Rg. 91 shows the dependency of the activating 
energy upon the applied ft-equency. Short dash line of the drawing shows a result having unsatisfactory 
reproduetivity because of a large quantity of dust in the film. The reason for the dust is considered that the 
silane gas is excessively decomposed if the frequency is higher than 100 MHz, in particular, higher than 
120 MHz. resulting in polysilane to be easily generated. 

30 As shown in Rgs. 90 and 91. the rise in the ft^equency applied improves the daric conductivity and 
reduces the activating energy. The foregoing facts are a phenomenon due to the crystallization of the film. 
The conditions required for crystalizing the deposited film has been present in which the quantity of ions 
made incident upon the surface of the substrate must be reduced. As a result of tiie experiment, ions in the 
plasma is in a state where they are trapped by raising the frequency to be applied. Therefore, it is 

35 considered that the reduction in the number and the energy of ions made incident upon ttie surface of the 
substrate as shown in Rg. 29 enhanced tiie crystallization. 

Another effect of the present invention is to improve the initial film. In general, it has been known that 
the initial film of a thickness about 500 A is a defective region in which the microcrystal does not grow 
sufficiently when the microcrystal silicon film is formed. It can be considered that a negative bias effects the 

40 insulating substrate at the initial state of the process of forming the film, and, accordingly, ions are incident 
on the substrate, causing the foregoing problem to occur. The microcrystal silicon is usually used to form a 
block layer and an ohmic layer of a semiconductor device while having a thickness of atx)ut 1000 A or 
thinner. This leads to a fact that almost the half of the thickness of tiie film has insufficient characteristics. 
It has been known that the foregoing initial film is changed due to the film forming conditions and tiie 

45 unstability of tiie process, causing the characteristics as the device to deteriorate or become unstable. In 
particular, the foregoing problems becomes critical in the field for manufacturing the film. 

By employing the manufacturing method according to the present invention, ions are trapped into the 
plasma, causing tiie quantity of ions made incident upon the substrate to be reduced. Therefore, it has been 
confirmed that the metiiod according to the present invention enables an initial film of the microcrystal 

50 silicon to have excellent characteristics. 

Embodiment 10 

A tenth embodiment will now be described where an n+-type microcrystal silicon film containing 
55 impurities is manufactured. The state of the plasma at this time is shown. Rg. 92 shows the dependency of 
the light intensity of the phosphine radical upon the frequency. Rg. 93 shows the dependency of tiie 
phosphine radical upon the applied electric power. The high frequency electric power was varied fi-om 3 
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13.56 MHz to 150 MHz. 

The glass substrate 8702 was fastened to the anode electrode in the chamber 8700 followed by 
lowering the pressure to 10"^ Tonr by using the exhaust punaps 8708 and 8709. The substrate temperature 
was set to 250 'C, and the SiH4 gas was allowed to flow by 3 seem by opening the valves 8710 and 8718, 

5 the PH3 gas diluted to 100 ppm by H2 gas was allowed to flow by opening the valves 8712 and 8720. The 
internal pressure of the chamber was made to be 0.5 Torr followed by maintaining for 30 minutes and then 
the state in which the temperature of the substrate is stabled was waited for. Then, the high frequency 
electric power is supplied and the matching device was adjusted to commence the discharge for a required 
time, so that the film was fomned to have a thickness of 1 um. Then, the gas was discharged and the 

70 pressure was lowered to 10~* Torr. 

The crystailinity was evaluated by an X-ray analysis, resulting in all samples encountered crystallization. 
A comb-type aluminum electrode was formed on the foregoing film by evaporation and the dark conductiv- 
ity and the activating energy were measured at the room temperature (25 • C). 

(b) of Rg. 90 shows the dependency of the dark conductivity of the film formed under the foregoing 

75 conditions upon the applied frequency, (b) of Fig. 91 shows the dependency of the activating energy upon 
the applied frequency. Rg. 94 shows the dependency of the doping efficiency upon the applied frequency. 
As can be understood from Rgs. 90 and 91 . raising of the applied frequency raise the dark conductivity and 
lowers the activating energy. As can be understood from the motion of the non-doping film shown by (a), 
the doping efficiency is enhanced when a higher frequency is applied, resulting in the enhancement of the 

20 crystallization of the film. Therefore, phosphorus is energetically received into the film. Since also the 
doping efficiency is improved when the applied frequency is raised as can be seen from Rg. 94, this fact 
can be considered to be due to the improvement in the crystailinity. 

Then, a film formed by using the frequency of 80 MHz is used to serve as an ohmic layer of a 
photoconductive-type sensor device having intrinsic amorphous silicon to serve as a photoconductive film 

25 followed by performing evaluation. Rg. 95 shows the structure of the device. Refening to Rg. 95. reference 
numeral 8702 represents a glass substrate, 8232 represents an amorphous silicon, 8233 represents an n+- 
type microcrystal silicon and 8234 represents an electrode. 

The glass substrate 8702 was fastened to the anode electrode in the chamt)er 8700 shown in Rg. 84 
followed by lowering the pressure to 10"^ Torr by using the exhaust pumps 8708 and 8709. The substrate 

30 temperature was set to 250 'C. and the SiH^ gas was allowed to flow by 3 seem and H2 gas was allowed to 
flow by 30 seem. The intemal pressure of the chamber was made to be 0.5 Torr followed by maintaining for 
30 minutes and then the state in which the temperature of the substrate is stabled was waited for. Tlien. the 
usual high frequency of 13.56 MHz and the electric power of 10 mW/cm^ was supplied and the matching 
device was adjusted to commence the discharge for a required time of 3.5 hours, resulting in an intrinsic 

35 amorphous silicon 8232 having a thickness of 5000 A to be formed. Then, the gas was discharged and the 
pressure was lowered to 10"^ Torr. 

Then, an n+-type microcrystal silicon 8233 was deposited on the intrinsic amorphous silicon 8232. Then, 
glass substrate was held on the anode electrode in the chamber 8700. The substrate temperature was set 
to 250 -C, and the SiH* gas was allowed to flow by 3 seem and the phosphine gas diluted to 100 ppm by 

40 H2 gas was allowed to flow by 150 seem. The intemal pressure of the chamber was made to be 0.5 Torr 
followed by maintaining for 30 minutes and then the state in which the temperature of the substrate is 
stabled was waited for. Then, a high frequency wave of 80 MHz was supplied and the matching device was 
adjusted to commence the discharge for a required time, resulting in the n^-type microcrystal silicon having 
a thickness of 1500 A to be formed. Then, the gas was discharged and the pressure was lowered to 10"^ 

45 Torr. 

Then, the substrate was ejected from the film forming apparatus, and an aluminum layer was formed by 
a vacuum evaporation method to have a thickness of 1 um. 

Then, the aluminum layer was patterned, and as a result of which, an electrode 8234 was formed. 
Rnally, the foregoing electrode 8234 was used as the mask to remove the n+-type amorphous silicon 
50 by etching. 

The dependency of the dark current of the device thus manufactured upon the bias is shown in (b) of 
Rg. 96. (b) of Rg. 97 shows the dependency of the photoelectric current upon the bias when irradiated with 
a light emitted from a light source, the wavelength of which was 560 (nm) and 200 (Ix). (a) of Rgs. 61 and 
62 show data of the conventional device, where the dark current showed non-ohmic characteristics when a 
55 low bias is applied. Also the photoelectric cunrent showed somewhat similar characteristics. It can be 
considered that the foregoing fact is due to unsatisfactory joint of the intrinsic amorphous silicon layer and 
the n+ microcrystal silicon layer. However, the method according to the present invention enabled the n+ 

- - - *- *- - * J...^--J ...t-:!- : t^^^^^:^^ ^^r^, ^t^rvsirs. 
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Furthermore, the improvement in the n+ microcrystal silicon layer enabled the junction to be formed 
satisfactorily. In addition, damage of the intrinsic amorphous silicon layer due to ions could be prevented 
and the photoelectric characteristics could be improved. 

5 Embodiment 1 1 

An eleventh embodiment where a p+ type microcrystal silicon film was formed will now be described. 
Rrst. the state of the plasma at this time will be described. Fig. 92 show the dependency of the light 
intensity of boron radicals upon the frequency. Usually, an emission of boron radicals is observed the light 
70 of which cannot be visually recognized, where the light intensity rises in proportion to the applied frequency. 
The reason for this is considered that the density of electrons in the plasma is raised similarly to the silane 
gas and. accordingly, the decomposition efficiency can be improved. Rg. 93 shows the dependency of the 
light intensity of the boron radical upon the applied electric power. In proportion to the applied electric 
power, the light intensity is strengthened. In this embodiment, high frequency waves from 13.56 MHz to 150 
75 MHz were applied. 

Under the conditions for the foregoing plasma, samples were manufactured. 

Then, glass substrate 8702 shown in Rg. 84 was fastened to the anode electrode in the chamber, and 
then the pressure in the chamber was lowered to 10"^ Tonr by the exhaust pumps 8708 and 8709. The 
substrate temperature was then set to 200 "C. and the valves 8710 and 8718 were opened to flow the silane 

20 gas by 3 seem, and the valves 713 and 8721 were opened to flow diborane diluted to 1 % by H2 gas by 
150 seem followed by maintaining the pressure for 30 minutes. Then, high frequency electric power was 
supplied and the matching device was adjusted to commence the discharge, resulting in the film to be 
formed. The thickness of all samples was made to be atK)ut 1 um. 

The crystallinity was evaluated by an X-ray analysis, resulting in crystallization of all samples. A comt)- 

25 type aluminum electrode was formed on the foregoing film by evaporation followed by measurements of the 
dark conductivity and the activating energy at the room temperature (25 • C). 

(c) of Rg. 90 shows the dependency of the dark conductivity of the film formed under the foregoing 
conditions upon the applied frequency, (c) of Rg. 91 shows the dependency of the activating energy upon 
the applied frequency. The dependency of the doping efficiency upon the applied frequency was similar to 

30 phosphine. As can be understood from Rgs. 90 and 91, the rise in the applied frequency raises the dark 
conductivity and lowers the activating energy. As can be understood from the motion of the non-doping film 
shown by (a), the doping efficiency is enhanced when a higher frequency is applied, resulting in the 
enhancement of the crystallization of the film. Therefore, boron is energetically received into the film. Since 
also the doping efficiency is improved when the applied frequency is raised similarly to phosphine. this fact 

35 can be considered to be due to the improvement in the crystallinity. 

A film formed by using a frequency of 80 MHz was used to manufacture a PIN-type photodiode to 
evaluate the manufactured device. Rg. 98 shows the structure of the device. 

Rrst. an n^-type microcrystal silicon 9263 was deposited on a substrate 9261 on which the lower 
electrode 9262 was formed. The substrates was held on the anode electrode in the chamber 8700 shown in 

40 Rg. 81. and the temperature of the substrates was set and maintained at 250 •C followed by flowing SiH4 
gas by 3 seem and flowing phosphine gas diluted by H2 gas to 100 ppm by 150 seem. Then the pressure 
in the chamber was lowered to 0.5 Terr followed by maintaining the pressure for 30 minutes, and a fact that 
the temperature of the substrates was stabled was waited for. Then, high frequency electric power of 30 
mW/cm^ having the usual frequency of 13.56 MHz was supplied and the matching device was adjusted to 

45 commence the discharge, resulting in an n+-type amorphous silicon to be formed to have a thickness of 
1500 A. Then, the gas was exhausted to lower the pressure to 10"^ Torr. 

Then, the substrate was held in the chamber, and the set temperature of the substrate was maintained 
at 250 'C. Then, SiH4 gas was allowed to flow by 3 ccm. and H2 gas was allowed to flow by 30 seem 
followed by setting the internal pressure of the chamt>er to 0.5 Torr. which was maintained for 30 minutes to 

50 wait for the fact that the stabilization of the substrate temperature was waited for. Then, the usual high 
frequency of 13.56 MHz and the electric power of 10 mW/cm^ was supplied and the matching device was 
adjusted to commence the discharge for a required time of 3.5 hours, resulting in an intrinsic amorphous 
silicon 9264 having a thickness of 5000 A to be formed. Then, the gas was discharged and the pressure 
was lowered to 10"^ Torr. 

55 A p" microcrystal silicon layer 9265 was deposited on the intrinsic amorphous silicon 9264. The 
substrate was fastened to the anode electrode in the chamber, and then the substrate temperature was set 
to 200 'C. Then, the valves 8710 and 8718 were opened to flow silane gas by 3 seem, and the valves 8713 
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30 minutes. Then, high frequency electric power of a frequency of 80 MHz was supplied and the matching 
device was adjusted to commence the plasma discharge. As a result, a film having a thickness of 500 A 
was formed. 

(b) Rg. 99 shows the characteristics of the device thus manufactured, (a) Rg. 99 shows data when the 

5 P+ microcrystal silicon layer was formed by the conventional manufacturing method. As can be understood 
from (a) of Rg. 99, the electric cunrent at the time of the inverse bias could be reduced considerably. 
Furthermore, the first transition of the forward directional electric current could be improved. The reason for 
this can be considered that the junction between the P" microcrystal silicon layer and the base intrinsic 
amorphous silicon layer Is satisfactory formed, resulting in the blocking characteristics to be improved and 

10 the damage due to ions could be prevented. 

Although Embodiments 10 and 11 were described where phosphine and diborane were used, a similar 
effect can be obtained by using arslne as the doping gas. 

Although the manufacturing methods according to the foregoing embodiments may be arbitrarily 
combined. For example, the method for manufacturing the SINx film according to the embodiment of the 

75 present invention may be employed to form the gate insulating layer of a thin film transistor or the like and 
the method for manufacturing the a-Si film according to the embodiment of the present Invention may be 
employed to form the i-type semiconductor layer. It is, of course, preferable that all of the layers (the i-type 
semiconductor layer, n+-semiconductor layer and the insulating layer and the like) are fonmed by the 
manufacturing methods according to the present invention. 

20 As described above, it Is preferable that the field-effect-type transistor shown in Fig. 35 or the P-l-N- 
type semiconductor device Is manufactured in such a manner that Its functional films are continuously 
stacked. There arise a problem when the interface, which is an Important factor for the characteristics. Is 
control that the films are not formed at the same film forming speed and the films must be formed to have 
individual thicknesses. Therefore, a rate determining step must be provided at the fime of the continuous 

25 film forming operation, causing a tact time to be generated. 

In the foregoing device shown In Rg. 35, the process for forming tiie conventional i-type a-Si layer is 
tiie rate-determining step. According to the present invention, the discharge frequency Is properly selected 
to eliminate the rate-detennining step. As a result, tiie rate-determining step can be eliminated, the through 
put can be improved and therefore the cost can be cut. Furtiienmore. the discharge frequency adapted to 

30 form each layer is raised to improve the quality so that the through put can be improved. 

If the amorphous silicon nitride film according to the present Invention is used as the gate Insulating 
film, and the non-single-crystal film according to the present invention such as the amorphous silicon film or 
the microcrystal silicon film Is used as the semiconductor device, a TFT exhibiting excellent characteristics 
such as satisfactory reliability can be realized as described in addition to the effect of improving the through 

35 put. 

That Is. each discharge frequency may be determined In the continuous film forming process while 
considering the infiuence of each film upon the characteristics of the device and effect of cost reduction 
typified by the through put. 

As described above, according to the present invention, the plasma CVD method Is so arranged that the 

40 firequency of the high firequency power source, the electric power to be supplied and depending upon the 
firequency. the pressure, and the distance between the electrodes are determined. As a result, the a-Si film 
can be manufactured over a large area at a low cost, excellent yield, and with excellent quality. In particular, 
the thin film transistor, tiie thin film transistor type photosensor, and the solar cell can be Improved to have 
excellent characteristics such as tiie mobility of the electric field and the photoelectric characteristics. 

45 According to the present invention, the reduction of the film forming speed can be prevented and 
tiierefore satisfactory film forming speed can be realized. As a result, the manufacturing tiirough put can be 
improved. Furthermore, the efficiency of decomposing the film forming gas can be improved and. 
accordingly, the quantity of the gas can be reduced. As a result, the gas utilization efficiency can be 
improved significantly. Therefore, the manufacturing cost can be reduced. Since Ions which deteriorate the 

50 characteristics of the film are enclosed in the plasma at the time of forming the film, generation of defects 
can be prevented. Hence, a film having excellent characteristics can be formed. Since the plasma damage 
occurring at the interface can be prevented, excellent films can be stably provided. Furthermore, tiie gas 
removal firom the chamber can be prevented, and receipt of impurities Into the film can be reduced. 
Therefore, the defects caused from the foregoing facts can be prevented, and, therefore, an excellent film 

55 can be provided. Since tiie film can be formed by using smaller electric power witti the conventional 
apparatus. Therefore, the size of the power source apparatus can easily be reduced. In particular, the cost 
of a large-size manufacturing apparatus can be reduced. 
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According to the present invention, the plasma CVD method is so arranged that the frequency of the 
high frequency power source and the distance between the electrodes are determined. As a result, the SINx 
thin film can be manufactured over a large area at a low cost, excellent yield, and with excellent quality. In 
particular, the thin film transistor, the thin film transistor type photosensor, and the solar cell can be 
5 improved to have excellent characteristics such as the mobility of the electric field and the photoelectric 
characteristics. 

According to the present invention, the reduction of the film forming speed can be prevented and 
therefore satisfactory film forming speed can be realized. As a result, the manufacturing through put can be 
improved. Furthermore, the efficiency of decomposing the film fonming gas can be improved and. 

10 accordingly, the quantity of the gas can be reduced. As a result, the gas utilization efficiency can be 
improved significantiy. Therefore, the manufacturing cost can be reduced. Since ions which deteriorate the 
characteristics of the film are enclosed in the plasma at the time of forming the film, generation of defects 
can be prevented. Hence, a film having excellent characteristics can be formed. Since tiie plasma damage 
occurring at the interface can be prevented, excellent films can be stably provided. Furtiier. the initial film 

75 can be improved so that the unstable factor for the characteristics of the interface can be removed. 
jherefore. an excellent film can stably be provided. Since the film can be formed by using smaller electric 
power witti the conventional apparatus. Therefore, the size of tiie power source apparatus can easily be 
reduced. In particular, the cost of a large-size manufacturing apparatus can be reduced. 

According to the present invention, the non-single-crystal semiconductor layer is manufactured by tiie 

20 plasma CVD method utilizing the high fi^equency discharge using a frequency ranged from 30 MHz to 120 
MHz. Therefore, ttie film can be formed over a large area, and tiie characteristics of tiie film can be 
improved, and the film can be formed at high speed. Furthermore, there can be provided the non-single- 
crystal semiconductor device capable of improving the characteristics of the interface which are the critical 
factor for the characteristics of tiie device. The present invention may be adapted to the semiconductor 

25 device having the insulating-gate-type transistor such as the TFT. If the gate insulating layer and/or tiie 
ohmic contact layer is manufactured by the plasma CVD metiiod utilizing the high fi-equency discharge 
using the frequency of 30 MHz or higher, tiie non-single-crystal semiconductor device having further 
improved quality can be provided. By properly selecting the discharge firequency while considering the 
quality of each layer, tiie rate-detenmining step for each layer can be eliminated. As a result, tiie through put 

30 can be improved and therefore the cost can be cut. Furthermore, the discharge frequency adapted to form 
each layer is raised to improve the quality so that the through put can be improved. 

According to tiie present invention, the protection layer is formed by the plasma CVD method utilizing 
the high fi-equency discharge using the firequency of 30 MHz or higher. Therefore, an excellent protection 
layer protected from the ion damage can be manufactured. 

35 As described above, according to the present invention, a firequency f (MHz) in ttie VHF range higher 
than 30 MHz is used, the silane radicals can stably increased as compared witii tiie case where the 
conventional RF band is used. Furtiier. ions deteriorated tiie characteristics of the film are enclosed in the 
plasma at the time of forming the film. Therefore, the ion damage can be prevented, and the interface can 
be protected from the plasma damage, an excellent film can stably provided. In addition to tiie foregoing 

40 advantages of ttie VHF plasma, the substrate temperature Ts CC) at the time of forming the film is 
maintained at a high level ft-om 300 'C to 600 "C, preferably to hold ttie relationship Ts = kf + a(0 1^k^ 
2. a = 300). ttius resulting in restriction of the hydrogen content in the film. Furttiermore. the density of ttie 
defects in the film can be lowered. Therefore, an excellent film having a large photoconductivity and 
improved light deterioration prevention characteristics can be manufactured. 

45 According to tiie present invention, the plasma CVD method is so arranged that the frequency of ttie 
high frequency power source is made to be 30 MHz or higher and the negative substrate bias is applied 
Therefore, ttie a-Si tiiin film can be manufactured at a low cost and to have excellent quality. In particular, 
the thin film transistor, the thin film transistor type photosensor, and the solar cell can be improved to have 
excellent characteristics such as tiie mobility of the electric field and the photoelectric characteristics. 

50 Although the invention has been descrit)ed in its prefen-ed form with a certain degree of particularly, it is 
understood that the present disclosure of the prefenred form has been changed in the details of construction 
and the combination and arrangement of parts may be resorted to witiiout departing from the spirit and the 
scope of the invention as hereinafter claimed. 

A method of manufacturing an amorphous silicon thin film exhibiting excellent quality for use in a TFT, 

55 a photosensor or a solar cell at a low cost by a plasma CVD metfiod utilizing high frequency discharge, the 
method being consisting of steps of using a silicon compound such as SiH* as raw material gas. making the 
fi-equency f (MHz) of a high frequency power source to be 30 MHz or higher, and applying negative voltage 
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distance d (cm) between electrodes and the frequency f (MHz) of the high frequency power source satisfies 
f/d < 30. 

Claims 

1. A method of manufacturing a non-single-crystal film by a plasma CVD method that utilizes a high 
frequency discharge, said method comprising the steps of: 

using at least silicon gas as a raw material gas; 

setting film forming pressure P (Vorr) to a level from 0.25 Torr to 2.5 Ton^; 

setting frequency f (MHz) of said high frequency power source to a value from 30 MHz to 120 
MHz; 

making supplied electric power Pw (W/cm^) to be smaller than a value defined by 10/f (MHz); and 
making distance d (cm) t)etween electrodes to be larger than a value defined by f/30. 

2. A method of manufacturing a non-single-crystal film according to claim 1. wherein said non-single- 
crystal film is an amorphous silicon film. 

3. A method of manufacturing a non-single-crystal film by a plasma CVD method that utilizes a high 
frequency discharge, said method comprising the steps of: 

using at least silicon gas as a raw material gas; 

setting film forming pressure P (Torr) to a level from 0.25 Torr to 2.5 Torr; 

setting frequency f (MHz) of said high frequency power source to a value firom 30 MHz to 120 
MHz; 

making supplied electric power Pw (W/cm^) to be smaller than a value defined by 10/f (MHz); 

making distance d (cm) between electrodes to be larger than a value defined by f/30; and 

making residence time t (sec) to be firom 0.05 sec to 2.5 sec assuming that said residence time t 

for which raw material gas Q (seem) is retained in discharge space V (cm^) is defined as t = 78 947 x 

10-3x VxP/Q. 

4- A metiiod of manufacturing a non-single-crystal film according to claim 3, wherein said non-single- 
crystal film is an amorphous silicon film. 

5. A method of manufacturing a non-single-crystal film by depositing said non-single crystal film by using 
gas containing Si by a plasma CVD method, said method comprising the step of: 

applying VHF waves having frequency f higher than 30 MHz by electric power of 1/f (W/cm^) (f: 
MHz) or more to meet f/d < 30 assuming that the distance t)etween electrodes is d (cm) to generate 
plasma. 

6. A method of manufacturing a non-single-crystal film according to claim 5, wherein gas containing 
twron. gas containing phosphorus and gas containing arsenic are used as impurity gas with respect to 
said gas containing Si. 

7. A method of manufacturing a non-single-crystal film according to claim 5, wherein the ratio of tiie light 
intensity [HT of a hydrogen radical and the light intensity [SiHT of a silane radical is [HT/[SiHl ^ 1. 

a A method of manufacturing a non-single-crystal film according to claim 5, wherein said non-single- 
crystal film is a microcrystal silicon film. 

9. A method of manufacturing a non-single-crystal film according to claim 6. wherein said non-single- 
crystal film is a microcrystal silicon film. 

10. A method of manufacturing a non-single-crystal film according to claim 7, wherein said non-single- 
crystal film is a microcrystal silicon film. 

11. A method of manufacturing a non-single-crystal film by depositing said non-single crystal film by using 
gas containing Si by a plasma chemical vapor phase method, said method comprising the steps of: 

maintaining substrate temperature Ts at a level from 300 "C to 600 •C; and 
supplying VHF waves having fi-equencv f of 30 MHz or hioher to nenerate niasma 
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12- A method of manufacturing a non-single-crystal film according to claim 11. wherein said VHF waves are 
so supplied that substrate temperature Ts (-C) and said high frequency f (MHz) satisfy a relationship 
Ts = kf + a(0 1^k^2. a = 300) to generate plasma. 

ia A method of manufacturing a non-single-crystal film according to claim 11. wherein said VHF waves 
having said high frequency f are supplied by electric power of 10/f (W/cm2) (f: MHz) to generate 
plasma. 

14. A method of manufacturing a non-single-crystal film according to claim 11. wherein the ratio of the light 
intensity [HI of a hydrogen radical and the light intensity [SiH^ of a silane radical is [HT/[SiHl ^ 1. 

15. A method of manufacturing a non-single-crystal film according to claim 11, wherein distance d between 
electrodes satisfies a relationship f/d < 30. 

16. A method of manufacturing a non-single-crystal film according to claim 11. wherein said non-single- 
crystal film is at least a film selected from a group consisting of an amorphous silicon film and an 
amorphous silicon nitride film. 

17. A method of manufacturing a non-single-crystal film according to claim 12. wherein said non-single- 
crystal film is at least a film selected from a group consisting of an amorphous silicon film and an 
amorphous silicon nitride film. 

ia A method of manufacturing a non-single-crystal film according to claim 13, wherein said non-single- 
crystal film is at least a film selected from a group consisting of an amorphous silicon film and an 
amorphous silicon nitride film. 

19. A method of manufacturing a non-single-crystal film according to claim 14. wherein said non-single- 
crystal film is at least a film selected from a group consisting of an amorphous silicon film and an 
amorphous silicon nitride film. 

20. A method of manufacturing a non-single-crystal film according to claim 15. wherein said non-single- 
crystal film is at least a film selected from a group consisting of an amorphous silicon film and an 
amorphous silicon nitride film. 

21. A method of manufacturing a non-single-crystal film according to claim 16. wherein said applied 
frequency is 120 MHz or lower. 

22. A method of manufacturing a non-single-crystal film according to claim 16, wherein said film is formed 
by a film forming pressure of from 0.25 Tonr to 2.5 Torr. 

23. A method of manufacturing a non-single-crystal film according to claim 16. wherein, assuming that 
residence time r (sec) for which raw material gas Q (seem) is retained in discharge space V (cm^) is r 
= 78.947 X 10-3 X V X P/Q, said residence time t is ranged from 0.05 sec to 2.5 sec. 

24. A method of manufacturing a non-single-crystal film by a plasma CVD method utilizing high frequency 
discharge, said metiiod comprising the steps of: 

providing silicon compound gas as raw material gas; 

making frequency f (MHz) of a high frequency power source to be 30 MHz or higher; and 
applying voltage to an electrode of a substrate in such a manner tiiat the surface of said substrate 
is made to t)e a negative potential. 

25. A method of manufacturing a non-single-crystal film by a plasma CVD method according to claim 24. 
wherein the relationship between distance d (cm) between electrodes and frequency f (MHZ) of said 
high frequency power source satisfies f/d < 30. 

26. A method of manufacturing a non-single-crystal film by a plasma CVD method according to claim 24. 
wherein the relationship between distance d (cm) between electrodes and applied voltage Vb (v) to said 
electrode of said substrate satisfies Vb/d ^ -12 (v/cm). 
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27. A method of manufacturing a non-single-crystal film by a plasma CVD method according to claim 24, 
wherein said single crystal film is an amorphous silicori film. 

2a A method of manufacturing a non-single-crystal film by a plasma CVD method according to claim 25. 
5 wherein said single crystal film Is an amorphous silicon film. 

29. A method of manufacturing a non-single-crystal film by a plasma CVD method according to claim 26, 
wherein said single crystal film is an amorphous silicon film. 

70 30. A method of manufacturing a non-single-crystal film by a plasma CVD method according to claim 25. 
wherein said frequency f of said high frequency power source is 120 MHz or lower. 

31. A method of manufacturing a non-single-crystal film by a plasma CVD method according to claim 29. 
wherein said frequency f of said high frequency power source Is from 50 MHz to 100 MHz. 

75 

32. A method of manufacturing a non-single-crystal film for depositing an amorphous silicon nitride film by 
a plasma CVD method by using mixture gas of at least gas containing SI and nitrogen gas. said 
method comprising the step of: 

applying VHF waves having frequency f higher than 30 MHz to meet f/d < 30 assuming that the 
20 distance between electrodes is d (cm) to generate plasma. 

33. A method of manufacturing a non-single-crystal film according to claim 32. wherein said mixture gas of 
at least gas containing Si. hydrogen gas and nitrogen gas is used. 

25 34. A method of manufacturing a non-single-crystal film according to claim 32. wherein said mixture gas of 
at least gas containing Si and F and nitrogen gas Is used. 

35- A method of manufacturing a non-single-crystal film according to claim 32, wherein said mixture gas of 
at least gas containing SI and F, hydrogen gas and nitrogen gas is used. 

30 

36- A method of manufacturing a non-single-crystal film for depositing amorphous silicon nitride film by a 
plasma CVD method by using mixture gas containing at least a silicon compound and ammonia as raw 
material gas. said method comprising the step of: 

applying VHF waves having firequency f higher than 30 MHz and lower than 120 MHz to meet f/d < 
35 30 assuming that the distance between electrodes is d (cm) to generate plasma. 

37- A method of manufacturing a non-single-crystal film according to claim 36. wherein said method of 
manufacturing said non-single-crystal film Is used in a stacked structure witii an amorphous silicon film. 

40 3a A method of manufacturing a non-single-crystal film according to claim 8, wherein said non-single- 
crystal film has a compressive stress of from 1 x 10^ dyn/cm^ to 4 x 10^ dyn/cm^. 

39. A non-single-crystal semiconductor apparatus comprising said non-single-crystal film manufactured by 
said method of manufacturing said non-single-crystal film according to claim 1. 

45 

40. A non-single-crystal semiconductor apparatus according to claim 39, wherein said non-single-crystal 
semiconductor apparatus is selected from a group consisting of a transistor, a photosensor, and a 
photovolatic device. 

50 41- A non-single-crystal semiconductor apparatus comprising a non-single-crystal semiconductor layer 
manufactured by a plasma CVD method utilizing high frequency discharge using fi-equency ranged 
from 30 MHz to 120 MHz. 

42. A non-single-crystal semiconductor apparatus according to claim 41. wherein at least a gate electrode. 
55 a gate insulating layer, a non-single-crystal semiconductor layer and a pair of source and drain 
electrode are disposed on a substrate, and an ohmic contact layer is formed between said non-single- 
crystal semiconductor layer and said source and drain electrode. 
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4a A non-single-crystal semiconductor apparatus according to claim 42. wherein said gate insulating layer 
is manufactured by a plasma CVD method utilizing high frequency discharge, the frequency of which is 
30 MHz or higher. 

44. A non-single-crystal semiconductor apparatus according to claim 42, wherein said ohmic contact layer 
is manufactured by a plasma CVD method utilizing high frequency discharge, the frequency of which is 
30 MHz or higher. 

45. A non-single-crystal semiconductor apparatus according to claim 42, wherein at least said gate 
insulating layer, said non-single-crystal semiconductor layer and said ohmic contact layer are not 
opened in the atmosphere but are formed sequentially. 

46- A non-single-crystal semiconductor apparatus comprising a protection layer manufactured by a plasma 
CVD method utilizing high frequency discharge, the frequency of which is 30 MHz or higher. 



47. A non-single-crystal semiconductor apparatus according to claim 46, wherein said protection layer is an 
amorphous silicon nitride film. 
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